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THE EXHIBIT AS A SUPPLEMENTARY 
METHOD 


THE SURVIVORS 


J. ABRAHAMS 
Central High School, Philadelphia, Pennsylvania 


In this, the age of the ascendency of synthetic substances it is well 
to keep in mind that until recently man had to rely upon Nature’s 
laboratories for his raw materials. Many persons have little or no 
knowledge of the source of crude drugs nor the changes that have 
taken place in their use in the art of medicine in recent decades. They 
might even be taking one or another of the remaining drugs of vegeta- 
ble origin without recognizing them when they see them growing in a 
garden or field at home or abroad. Thus it seemed worth while to set 
up an exhibit of a half dozen important vegetable drugs and at the 
same time use the occasion to teach something about the important 
subjects of alkaloids and glycosides. 

The explanatory plaques read as follows: 


THE SURVIVORS 


Man’s capabilities and destinies run the full range from best to 
worst. History is full of his most exalted acts and his most depraved 
ones. He is good and bad, intelligent and stupid, wise and foolish, 
spiritual and materialistic. His destiny includes the enjoyment at one 
time, of good health, and at another, of bad health. 

History shows how often the course of man’s destiny has been 
altered by the state of his health. To give one example, some his- 
torians now believe that an outbreak of malaria was largely responsi- 
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ble for the downfall of Rome. The epidemic caused the recall of the 
Roman legions from Britain, which in turn made possible the Anglo- 
Saxon invasion, and all the future events on both sides of the Atlantic. 

The sickness of the body has always been a major problem for 
man, and he has tried to meet it in many ways. One way which he 
early invented was the internal or external use of the things around 
him—things from the animal, vegetable, or mineral kingdom. In the 
course of human history a great many thousands of such substances 
must have been tried, only to be eventually abandoned, because 
experience showed them to be of little or no beneficial effect. 

Strange indeed are the remedies which man has invented for his 
ills. For example: 

To heal a wound inflicted by an axe, put a healing ointment on the 
axe, lock it away in a closet and let the wounded person go about his 
business. 

For the bite of a poisonous snake apply an emerald to the patient’s 
stomach, or have him hold an emerald in his mouth. 

For incurable diseases there were incantations to be said, amulets 
to be worn and rites to be performed. Since no one knew how to give 
any real relief to lepers, these unfortunate people were given a bell 
to ring, thus warning others to flee for their lives—but the lepers were 
left to themselves to find whatever comfort they could. 

Stranger yet are the remedies which man selected from the animal 
world—the horn of a unicorn (a mythical, horse-like animal) the tooth 
of a tiger, the skin of a snake—even the juice of crushed cimex lec- 
tularius (bed-bug). 

The medicines which he prepared from roots, leaves, bark and 
seeds came to be known as “Galenicals” in honor of Claudius Galenus, 
who was born in Greece in 130 A.D. For a great many centuries 
Galenicals were the chief remedies used in medicine. As his knowledge 
of chemistry and bacteriology, his cunning and skill, wisdom and 
mechanical power slowly increased man learned how to prepare bet- 
ter agents for the relief and cure of the ills which assail body and 
mind. As a result the not always dependable, fresh and standard- 
strength Galenicals have been replaced by the more reliable synthetic 
chemicals, (not to mention the anti-biotics, vitamins and hormones, 
sera and vaccines etc., etc., etc.). Today his remedies can be relied 
upon for strength and effectiveness to a degree never possible when 
only Galenicals were available. 

In spite of this tremendous change, some Galenicals survive to this 
day because they are very highly useful medicines. These I call “The 
Survivors,”’ for obvious reasons. Only the most widely used can be 
exhibited here, for lack of space. Others survive, but they are of 
minor importance. Crude vegetable drugs have another use at the 
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present time. If they are found to contain medicinally useful sub- 
stances, these substances may be extracted, analyzed and then made 
artificially by the chemist. Thus to this day the plant drug serves a 
useful purpose, even though not necessarily in its original form. 


ALKALOIDS AND GLYCOSIDES 


The juices of the various parts of plants contain many different 
kinds of useful chemicals. Some of these classes of chemicals are 
sugars, gums, resins, waxes, fats, saponins, glycosides, and alkaloids. 
This exhibit deals with plants which are useful in medicine because of 
their alkaloids and glycosides. 

The word alkaloid means “‘like an alkali” and it is applied to this 
class of compounds because they act like alkalies, neutralizing acids. 
Alkaloids contain the elements carbon, hydrogen, nitrogen and oxy- 
gen. (Nicotine, the alkaloid in tobacco, and some other simple alka- 
loids contain no oxygen.) : 

Alkaloids probably arise in the protoplasm, then, in combination 
with such plant acids as tannic etc., they appear in the sap of cells in 
a potential, rather than active, condition, in roots, rhizomes and 
seeds. In fruits they are present in greatest amount in seeds while 
these are developing, but after the seed is mature the alkaloid slowly 
disappears. Alkaloids are more apt to be found in dicoteyledonous 
than monocotyledonous plants. A glycoside is a compound, which on 
on hydrolysis produces a sugar and a second complex substance. If 
the sugar produced is glucose, the term glucoside is applied. (The ex- 
hibit consisted of a color picture, an explanatory plaque, a “habit 
bottle’ (a jar containing the plant-part, bearing leaves, flower and 
fruit in a preservative,) and a specimen of the crude drug for each of 
the following: opium, belladonna, digitalis, cinchona, coffee (and cola) 
and rauwolfia. Opium was represented by an entire capsule and a sec- 
tioned one, as well as a small bottle of dry chocolate pudding (cocoa 
will do), labelled ‘‘simulated raw opium.”’) Other than the opium there 
should be no difficulty in obtaining the crude drug specimens from 
business firms dealing in these materials. The drugs in this exhibit 
were the complimentary offering of a large drug house. The explana- 
tory plaques read as follows: 


Opium 


Opium is the dried “milk juice” of the capsule of the papaver somni- 
ferum, an annual herb which grows in Turkey, India, China, Persia 
and Egypt. (A capsule is a dried fruit that splits at many openings). 

To obtain opium a horizontal, diagonal or vertical cut is made in 
the unripe capsule. The milk juice or latex oozes out, is collected by 
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scraping it off when it is partly dry, and then made into a mass. This 
mass, called opium, is wrapped in poppy leaves and allowed to dry. 
Opium comes into commerce either as somewhat flattened spherical 
masses or in the shape of a loaf of bread, weighing up to two-pounds 
and having a heavy, distinct odor and bitter taste. 

Opium contains about 25 alkaloids, the most important of which 
is morphine, present in amounts of from five to 22%, Turkish opium 
being strongest and Indian weakest. Some of the other important 
alkaloids present in opium are Codeine, Papaverine, Narcotine and 
Thebaine. 

Opium is one of the oldest, most reliable and most useful of drugs. 


Belladonn 


PraTeE I. Opium, Belladonna, Rauwolfia. 
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The action is due chiefly to the effects of the morphine upon the 
brain, the other alkaloids present acting to a greater extent upon the 
medulla and spinal cord. It is the best known reliever of pain, no 
matter what the cause. 

Opium is poisonous in doses beyond those used in medicine, and it is 
interesting to note that the antidote is atropine, another poisonous 
alkaloid made from another drug in this exhibit. 

The drugs “laudanum” and “paregoric”’ are two well-known prep- 
arations made from opium. 

Methods of preparing opium were known as early as 380 B.C. (The 
chemical formula of morphine is C,;His03N.) 


Pirate II. Digitalis, Cinchona, Cola-Coffee 
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Belladonna 


Obtained from the leaves and roots of Atropa belladonna (Deadly 
nightshade), a perennial plant, about three feet height, growing in 
Europe and cultivated in America. The commercial supply comes, to 
a good extent, from England. The term “belladonna” means “‘beauti- 
ful lady” and perhaps comes from the action of the alkaloid atropine 
upon the pupils of the eyes, which become large. 

Belladonna leaves and tops are gathered while the plant is in flower, 
and used fresh or dried. 

Belladonna contains several alkaloids, amounting to from 0.3 to 
0.7%. Among them are hyoscyamine (largest proportion) hyoscine 
(scopolamine), atropine and belladonnine. 

Belladonna (due to its atropine) relieves pain, stimulates heart and 
respiration, dries secretions, relieves bronchial asthma, dilates the 
pupils of the eyes (used for examinations by eye-doctors) and, in the 
treatment of diabetes, it lessens the sugar output. 

Belladonna is poisonous. Although its alkaloid atropine is an anti- 
dote for opium poisoning, opium cannot be used as an antidote for 
belladonna. Instead, caffeine and other stimulants are given. 

Belladonna is used in the form of plasters, ointment, liniment, tinc- 
ture and is also given as preparations of its most important alkaloid, 
atropine. (Atropine has the formula C,;H23;03N.) 


Digitalis 
This is our garden plant, foxglove or fox music, so called because of 
the resemblance of its flowers to bells hung on an arched support in 
ancient times, and known as “‘foxglew.”’ The scientific name is 
“Digitalis purpurea.” 

Foxglove is a tall biennial herb which produces, in the second year, 
a long raceme of drooping, bell-like, purplish flowers, which can be 
seen in gardens in this city. It grows in many parts of Europe. The 
leaves are collected in June, from two-year-old plants, just before 
flowering, immediately dried and preserved against moisture and 
light. The leaves have a distinct odor and bitter taste. The seeds of 
the foxglove are also medicinally active, as are the leaves of one-year- 
old plants, when properly dried. 

Digitalis contains not alkaloids but glycosides—digitoxin (0.2 to 
0.3%), gitoxin, glycoside purpurea A and glycoside purpurea B. 

The action of digitalis is chiefly upon the heart, medulla and kid- 
neys. It makes the heart beat more slowly but more strongly. This 
is brought about by a) making the heart muscle contract more forci- 
bly and rhythmically, b) sending more impulses from medulla to 
brain along the Vagus nerve to make the heart beat slower, thus pro- 
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longing the periods of relaxation of the heart, c) improving the cir- 
culation of the blood within the heart, thus nourishing it better. 
Hence digitalis is a very wonderfully useful drug. 

Digitalis is poisonous in overdoses, atropine and morphine being 
used in the treatment of persons who have taken over-doses. 

Digitalis was used as early as the twelfth century for scrofula. An 
elderly lady herb-doctor in Shropshire, England, became famous, 
around 1775, for her remarkable cure for dropsy, when other meth- 
ods failed. Dr. William Withering, physician and probably the great- 
est living botanist of his time, found that the chief herb, among the 
twenty used in her medicine, was digitalis. When the news got out, 
people began dosing themselves with it, and numerous deaths oc- 
curred. Dr. Withering therefore wrote a book in 1785, hoping to curb 
the indiscriminate use by the unlearned. He pointed out that the 
active material (we now know that he meant the glycosides) present 
in the drug varies according to the conditions of growth of the plant, 
and that control is necessary. His advice was not heeded and the drug 
lost its popularity for a time. After nearly a century of research the 
discovery was made that the drug could successfully be tested out on 
a frog. Good medical results began to follow. Later it was learned 
that the use of a cat, instead of a frog, as the test animal, was even 
better. 


Cinchona 


“Peruvian bark” or cinchona, is the dried bark of the stem and 
branches of a tree which grows in South America and is cultivated 
in nearly all tropical countries. When the red cinchona (Cinchona 
succirubra) or the calisaya (Cinchona Ledgerianna) is from 6 to 9 
years old the amount of the alkaloid is at its height and the bark of 
the trunk and roots is removed, dried, then so treated as to extract 
the alkaloid quinine. The bark of stem and branches is used for mak- 
ing galenical preparations. In order to increase the amount of quinine 
in the bark the tree is covered with moss or leaves, which places the 
trunk in darkness. 

Cinchona contains a large number of alkaloids, the most important 
being quinine, quinidine, cinchonine and cinchonidine, to a total of 
6 or 7 percent, about half of which is quinine. 

The drug is named in honor of the Countess of Cinchon, a Spanish 
countess who was cured in 1638 of “ague,”’ now called malaria. It had 
just been introduced into medicine at that time, having been brought 
back by the Spanish explorers, who learned about it from the Indians. 

Quinine destroys various living organisms such as bacteria, pro- 
tozoa, etc. If a person has such organisms in his body, the quinine 
destroys them, thus aiding in the treatment of the disease. 
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Overdoses of quinine produce ringing in the ears, temporary deaf- 
ness, etc. The symptoms subside when the patient stops taking the 
drug. The alkaloid caffeine may be given to improve the pulse until 
it becomes normal again. 

(The chemical formula of quinine is C2o>HO,Ne.) Attempts to 
make it artificially (synthesis) led to the accidental discovery of the 
first coal-tar dye—‘‘mauve,”’ and, incidentally, to the term “mauve 
decade.”’ (See the story of Sir William Henry Perkin.) 


Rauwolfia 


Rauwolfia serpentina is named in honor of the botanist Rauwolf, who 
made an expedition to Asia in 1573 to study medicinal plants men- 
tioned by Greek and Arabic writers. The term “serpentina’’ comes 
from the fact that it is used in India for the bite of poisonous reptiles. 
In Sanskrit writings it is known as “Chandra,” or moon, because it 
was early used in the treatment of insanity or lunacy (the moon dis- 
ease). 

This plant grows in the tropical Himalayas and in the plains of 
northern India. It may reach a height of three feet, and has white 
bark and white or pinkish flowers. 

Its use in the treatment of insanity has been known for centuries. 
It was used by mothers among the poorer classes of people in India, 
to put children to sleep, so that the mothers could go off to work in 
the fields. 

It contains 15 alkaloids, but reserpine is the most potent of them, 
and produces the effect of the drug. Reserpine is used to reduce high 
blood pressure and for the relief of many of the symptoms of nervous- 
ness and “emotional upset.’’ (The chemical formula of reserpine is 


Cola and Coffee 


The kernel of the seed of Cola acuminata, a tree growing in Guinea, 
and now cultivated in the West Indies, South America and Africa, is 
called the Cola or Kola nut. The kernels are used in the fresh condi- 
tion, or the Cotyledons may be separated and dried. 

The Cola nut contains from one to four percent of the alkaloid 
caffeine, and other medicinal constituents. 

Caffeine stimulates the kidneys, brain, circulation, respiration and 
muscles. The brain, due to stimulation of various areas of the gray 
matter, functions better, resulting in improved hearing, seeing, and 
reasoning. The action of the spinal cord and the tone of muscles are 
improved and the small blood vessels contracted, due to impulses 
from the medulla, thus increasing the pulse and blood pressure. 

Coffee, tea, and guarana also contain caffeine. The coffee bean con- 
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tains .67% caffein, and a cup of coffee contains from 1 to 3 grains, 
(about a medicinal dose). Tea leaves have about twice the amount of 
caffeine as the coffee bean, but a cup of tea has about the same 
amount of caffeine as does a cup of coffee. (The chemical formula of 
caffeine is 


A TEACHING AID FOR THE GENERALIZED LAW OF THE MEAN 


Nearly all the standard first year calculus books discuss one of the forms of 
the mean value theorem or law of the mean. A geometric interpretation is com- 
monly given for the form, 


f(b) —f(@) 
b-a 


in which the tangent to the curve at x= x, is drawn parallel to the chord con- 
necting the points on the curve where x=a and x=b. Some of these calculus 
books also discuss the generalized law of the mean but offer no similar geometric 
interpretation. Such an interpretation can be drawn without too much difficulty. 
Discussed by the teacher, it can serve to help the student understand the theorem 
and fix it better in mind. 
The generalized form of the mean value theorem is usually written as 
FO-FO) 
f(b)—f(a) 
assuming continuity etc. Now if numerator and denominator of the left member 
are divided by b—a, then the left member represents explicitly the ratio of two 


=/"(x), asm3b, 


chords and the right member the ratio of two tangents as shown in the diagram. 
In the diagram these ratios are, respectively, BC/EF and AB/DE. 
Arthur H. Steinbrenner 
University of Arizona 
Tucson 25, Arizona 
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HELP GEOMETRY PROVE ITSELF 


DoNALD A. WILLIAMSON 
Bethesda-Chevy Chase Senior High School, 
Chevy Chase 15, Maryland 

There are a few things wrong with the plane geometry course of 
study as it exists today. For example, each pupil is told that he must 
accept a ready made list of definitions, axioms, and postulates that 
will be used to form the foundation facts for his adventure into the 
realm of mathematical logic. He accepts this list, with some misgiv- 
ings, and spends the rest of the year proving a host of facts that he 
has known to be true since the seventh grade. Dull!—of course the 
task is dull, but he struggles through this maze in order to earn one 
more required Carnegie unit for entrance to college. 

Once in a while, to relieve the boredom, it seems a good idea to 
throw the book away and explore some related fields of science or 
philosophy. Everyone will have a chance to use the knowledge that 
he has acquired in the geometry classroom to work out some new and 
interesting problems. Better still, he can have some voice in the selec- 
tion of the facts that will be accepted as the fundamental criteria in 
the solving of these problems. The laboratory method, often talked 
about in mathematics, but very seldom used, offers a promising 
means of giving a class some experience in the use of practical logic. 

Special materials needed: (1) a pin-point lantern, (2) an electric 
light bulb and cord, (3) a small tank of water, (4) a piece of window 
glass, (5) a triangular prism, (6) a plane glass mirror, (7) a regular 
cylindrical mirror (polished steel), (8) a concave spherical or cylindri- 
cal lens, (9) a convex spherical or cylindrical lens, (10) a small candle 
and (11) a small dark screen. 

By experimenting with the pin-hole lantern, the window glass, and 
the tank of water, it will be easy for the class to decide that the follow- 
ing axioms are true. 

Light axiom number one: A LIGHT RAY CAN BE REPRE- 

SENTED BY A STRAIGHT LINE. 

Light axiom number two: A LIGHT RAY WILL CHANGE 
DIRECTION WHEN IT PASSES FROM ONE MEDIUM 
TO ANOTHER. (providing the light line is not perpendicular 
to the surface of the denser medium). 

Further discussions will enable the class to discover that this change 
in direction of the light line is due to the change in the speed of light 
in the different medium, that some angles are larger than others, that 
some angles are equal to each other, and that the speed of light is al- 
ways the same in one medium—even though it may be slowed down 
or speeded up by an intervening medium. As different experiments 
10 
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are observed, it will be necessary to develop a set of definitions to 
meet the requirements of this new logic. It will not be difficult to get 
someone to suggest the importance of constructing the normal at the 
point where the light line enters the water or the pane of glass. The 
class may decide to call this line a DIRECTION INDICATOR or a 
SPECIAL PERPENDICULAR. The principal axis may be known 
as the LINE OF CENTERS and the principal focus may become 
THE POINT OF LIGHT. Whatever these things are called, each 
one will have a special name and correct definition that has been 
worked out by the group. 

Further experimentation with the pin-hole lantern and the triangu- 

lar prism will lead to two more axioms of light. 

Light axiom number three: AN ORDINARY LIGHT RAY IS 
MADE UP OF MANY COLORS. 

Light axiom number four: THE CHANGE IN SPEED OF EACH 
COLOR IN A LIGHT RAY IS NOT THE SAME AS THE 
RAY PASSES FROM AIR INTO GLASS OR WATER. 

The pin-hole lantern, the candle, and the plane glass mirror can 

show the advisability of accepting two more axioms: 

Light axiom number five: A RAY OF LIGHT IS REFLECTED 
BY A MIRROR. 

Light axiom number six: THE ANGLE BETWEEN THE 
ORIGIONAL RAY OF LIGHT AND THE DIRECTION 


INDICATOR IS EXACTLY EQUAL TO THE ANGLE 
FORMED BY THE REFLECTED RAY AND THE DIREC- 
TION INDICATOR. 


Time out can now be taken to make use of the six axioms that have 
been discovered. Figures, based on geometric propositions and the 
light axioms, can be constructed to show the relationship between the 
object and the image formed by a plane mirror. Facts learned in 
geometry can be used to prove that the size of the image and object 
are equal and that the object distance from the mirror is equal to the 
image distance from the mirror. How do you spear a fish from the 
bank of a stream? How do you aim at a target through a window 
pane? What color has the greatest speed in glass? These questions 
and many others can now be answered and the answers can be 
proved to be correct. 

By using the other mirrors, lenses, lantern, light bulb, candle, and 
dark screens, the group can experiment to find out the rest of the light 
axioms. 

Light axiom number seven: LIGHT RAYS THAT ARE PAR- 
ALLEL TO THE LINE OF CENTERS OF A CONCAVE 
MIRROR MEET AT A POINT. 

Light axiom number eight. RAYS OF LIGHT PARALLEL TO 
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THE LINE OF CENTERS OF A CONVEX LENS MEET AT 
A POINT. 

Light axiom number nine: RAYS OF LIGHT PARALLEL TO 
THE LINE OF CENTERS OF A CONVEX MIRROR OR A 
CONCAVE LENS DIVERGE AWAY FROM A POINT. 

It is a lot of fun for the class to work out the proof of construction 
of the image of a candle formed by a concave mirror using a combina- 
tion of facts learned in geometry and light. 

Construct the image of a candle located outside the center of curva- 
ture of a concave mirror. 


s 


Given: concave mirror, 
candle 


STATEMENTS 


. Locate C’ the center of the mirror 
. Draw CC’ 


3. Locate L, the point of light, by 


bisecting CC’ 
. Through point O construct OR 
parallel to CC’ 


5. Draw line RL extended to R’ 


. Ray OR is reflected as ray RR’ 

. Select any point P on mirror SS’ 
and draw CP 

. Construct angle OPC equal to 
angle CPP’ 

. Ray PPzis the reflected ray of OP 
. PP and RR’ must meet at point J 


. Point J’, the image of point O’, 
can now be located. 


To prove: correct location 
of the image 


REASONS 


. An arc can be bisected 


. Two points determine a line 
3. A line segment can be bisected. 


. A proved geometric construction 
5. Two points determine a line 

. Light axiom number seven 

. Two points determine a line 


. A proved geometric construction 


. Light axiom number six 
. Two lines intersect at only one 


point 


. Proof similar to steps one through 


ten. 
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PROMISING PRACTICES IN SCIENCE TEACHER EDU- 
CATION: A REPORT FROM THE MIDWEST RE- 
GIONAL STATE COLLEGE CONFERENCE 
ON SCIENCE AND MATHEMATICS 

TEACHER EDUCATION’ 


COMPILED BY GEORGE G. MALLINSON 


Dean, School of Graduate Studies, Western Michigan University, 
Kalamazoe, Michigan 


INTRODUCTION 


The Midwest Regional State College Conference on Science and 
Mathematics Teacher Education originated with, and was financed 
by, the Science Teaching Improvement Program of the American 
Association for the Advancement of Science. The theme of the con- 
ference was “Promising Practices in Science and Mathematics 
Teacher Education.” The initial motivation for such a conference 
came from Dr. John R. Mayor, Director of STIP. Dr. Mayor had, 
on several occasions, expressed the belief that many state colleges, 
in which the bulk of science and mathematics teachers are trained, 
had developed within recent years excellent programs for training 
teachers in these fields. The purpose of the conference, therefore, was 
to disseminate such desirable practices among the various colleges, 
through their representatives. 

The participants at the conference were representatives from state 
colleges in Illinois, Indiana, Iowa, Michigan, Ohio and Wisconsin; 
high-school teachers of science and mathematics from these states; 
and other leaders in science and mathematics education. About 
ninety such persons gathered to hear general presentations concern- 
ing the problems of science and mathematics education, learn about 
promising practices in these fields, and discuss the implications of 
what they had heard. 

This report is an effort to summarize the deliberations at the science 
meetings. It represents, obviously, only a small portion of what was 
said. However, the materials collected by the chairmen of the science 
sections are the sources of the data for this summary. 

An analysis of the materials indicated that the report should be 
categorized under three major headings, (1) Promising Practices in 
Science Teacher Education; (2) Proposals for-In-Service and Gradu- 
ate Training of Science Teachers; and (3) Recommendations for 
Policies and Action. 

” § Phe Confetenes was held at the Chicago Campus of Northwestern University, on March 8 and 9, 1957. The 


compiler of this report wishes to take no credit for the ideas expressed here. He is responsible however for any 
editorial errors and failures to paraphrase ideas and presentations correctly. 
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PROMISING PRACTICES IN SCIENCE TEACHER EDUCATION? 
Uniqueness of Scientific Education for Science Teaching 


Within the past few years, colleges and universities engaged in 
training science teachers have come to realize that there is a necessary 
uniqueness in the scientific education for prospective science teachers. 
The training is different from the scientific education given to doctors, 
research workers in industry or any other persons entering scientific 
professions. The differences exist both in the breadth of the training 
and in the intensiveness with which various areas of science are ex- 
plored. 

It is recognized that every science teacher needs some training in 
the biological, physical and earth sciences. Further, in at least one of 
these areas the training needs to be intensive. Yet, it should be 
broader than that for persons in other scientific professions, and in the 
area of specialization, probably need not be so intensive. 

The training program differs markedly in another respect. A 
teacher of science is expected to ‘‘keep up-to-date”’ in all areas of sci- 
ence if he is to teach effectively. A person in another scientific profes- 
sion generally needs a much narrower spectrum of in-service educa- 
tion. Hence, for a teacher of science, graduate programs may consist 
of broad field courses encompassing several areas of the same or re- 


lated science(s). Such courses often are not construed as being of 
“graduate calibre” for persons in other professions. 

In view of these points, colleges and universities have studied their 
programs for science teachers and a number of promising practices 
have emerged. They are discussed under appropriate sub-headings in 
the ensuing discussion. 


Subject-Matter Training: Curriculum Structure 


A number of research studies have been undertaken during the 
past few years to analyze the jobs of science teachers. Such job anal- 
yses were considered to be of value for developing optimal programs. 
In general these studies point out that 90% of the positions in science 
teaching fall into one of four categories. They include the teachers 
of (1) biology, general science and physical education (the ‘‘coach’’), 
(2) biology and general science (the ‘‘professional’”’ biology teacher), 
(3) chemistry, physics, mathematics and general science, and (4) 
chemistry, physics, biology and general science. 

The breadth of such teaching assignments, recognizing that the 
course in general science covers a vast spectrum of sciences, creates 
difficulties in suggesting a curriculum structure for training teachers. 


2 The material in this section is a summary of presentations by Ernest L. Stover, Eastern Illinois State College; 
Robert H. Cooper, Ball State Teachers College; Chalmer A. Gross, Southern Illinois University; and William C. 
Van Deventer, Western Michigan University. 
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In a typical college or university, seldom are more than fifty to sixty 
hours available for specialized training. Liberal-arts requirements 
and courses in professional education ordinarily encompass the course 
credit remaining. Thus, one finds that a science teacher must spend 
much of the credit in the sciences in taking introductory courses. 
Few credit hours are left for advancing beyond this level. 

Several expressed the view that survey courses covering several 
fields of science are seldom satisfactory bases on which majors or 
minors can be built. Others contended that such courses had to be 
used for majors and minors if breadth were to be obtained as well as 
intensive training in at least one area. A compromise was reached due 
to the fact that science teaching positions fall into several categories. 
It was pointed out that in the science areas in which intensiveness and 
specialization are sought, the regular introductory courses could be 
used. In those areas of science in which the breadth factor is most 
important, survey courses may well be used to provide experiences 
in several sciences. At the same time such courses would be economi- 
cal of the course credit still available. 

Curriculum structures for training science teachers to meet each of 
the above patterns were suggested. These structures are found in the 
table that follows. The structures described in the table are now con- 
sidered policy in several of the state colleges in the Midwest. 


It is of course too early to suggest how successful such programs 
may be. They do however deviate from the old subject-matter 
‘“‘major-minor” concept. They are based to some extent on ‘“‘group 
majors and minors”’ that are acceptable for certification in a number 
of states. But, it was unanimously agreed that in one field of science 
every prospective teacher should have at least three years of training 
if a major were to be worthy of that designation. 


Subject-Matter Training: Course Content 


Curriculum structures for training science teachers, such as the 
ones described in Table I, do not indicate what may be included 
within the various courses. The presentations all made clear that this 
area also constituted a major problem and needed some extensive 
study. Within recent years scientific knowledge has grown by “leaps 
and bounds.” Hence, in no specific field, biology, chemistry, physics 
or earth science, can one expect to “cover the subject” in a single 
course or in any combination of courses that might constitute a 
major or minor. The growth of scientific knowledge is clearly indi- 
cated by the staggering number of science courses that may be found 
in any college or university catalogue. While many overlap, the vast- 
ness of the proliferation is apparent. Hence, in planning majors and 
minors, two factors must be kept in mind: 

1. The courses chosen must provide a breadth of coverage but at 
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the same time exemplify a logical sequence. Variety alone cannot be 
construed as being breadth. This may mean that courses such as gen- 
eral botany, general zoology and general ecology will need to be de- 
veloped and used in the programs for training teachers. In the physi- 
cal sciences the corollaries may be courses in general inorganic chem- 
istry, general organic chemistry and combined qualitative and quanti- 
tative analysis. Such courses may not give all the depth desired. Yet, 
they will provide the breadth needed better than a combination of 
courses such as physiological genetics and quantum mechanics. 

2. The courses themselves must be developed with care. Since no 
one course, however specialized, can include all the potential material, 
the topics must be selected on the “block and gap” approach utilizing 
curriculum hours that are available as efficiently as possible. 

It is doubtful whether specific suggestions for curriculum content 
that have universal application could be made. The wealth of possi- 
bilities for inclusion of material make it necessary for each school and 
instructor to make the choices in terms of the needs of the students. 

All the above suggestions for content are now under deliberation 
and experimentation in a number of institutions, particularly those 
in which teacher training is a major function. Many institutions have 
developed introductory courses in biological science or physical 
science that seem satisfactory as introductions. A few have faced the 
fact that general courses at the secondary and tertiary levels are 
needed for teachers. This is a pioneer field, however, and one which 
needs more study in the future. 


The Laboratory Program 


The growth of knowledge in the scientific areas has put an entirely 
new aspect on the function of the laboratory. The traditional concept 
of the laboratory involved its illustrative nature. The experiments 
were precisely outlined and were designed chiefly to reinforce what 
had already been covered in the lectures. However, the luxury of 
such repetition cannot be justified in light of the vast possibilities 
of material to be covered. 

One presentation dealt almost solely with a “‘laboratory-discussion” 
program in which the laboratory itself was the source of authority and 
information. The textbook and lecture were used only for reference. 
This presentation suggested that such a program might be a suitable 
replacement for lectures. However, the later discussions revealed that 
most persons considered this device as excellent for supplementing 
the usual lectures, using the time to explore by personal investigation, 
areas for which lecture time was not available. 

Several representatives pointed out that this concept of laboratory 
was “taking root” in their schools. It was indicated that the ‘‘cook- 


18 SCHOOL SCIENCE AND MATHEMATICS 


book”’ type of repetitious, illustrative exercise was giving ground to 
the investigative type of laboratory. In these schools it, was necessary 
however to prepare the guides and workbooks since they are not 
available commercially. 

The role of scientific attitudes and elements of scientific method 
were emphasized with respect to this concept of laboratory work. 
It was suggested that laboratories that merely illustrate lecture ma- 
terial give “‘lip-service’’ only to the above aims. The philosophical 
soundness of the investigative laboratory in meeting the above aims 
was supported. The actual development of a satisfactory laboratory 
program exemplifying the investigative factors was considered to be 
a fruitful area for much research. 


Professional Preparation 


During the deliberations a number of comments were made con- 
cerning the merit, and the lack of merit, of certain courses in educa- 
tion. However, the great proportion of time devoted to the topic of 
professional preparation dealt with the ‘‘methods”’ courses in science. 
It was generally agreed that more study had been given this aspect 
of training teachers than any other. 

Some adverse comment was made concerning the teaching of 
science methods by professors of education, and some also made about 
professors of the academic sciences doing the job. In general, however, 
it was suggested that these courses are being taught in more and more 
state colleges by persons who hold appointments both in a liberal arts 
area and in a school or department of education. The value of such 
dual appointments, and the fact that they were on the increase was 
approved. 

The changing nature of the course in science methods was discussed 
at some length. In some institutions the course consists of little more 
than a review of the areas of subject-matter of science that are 
taught in the public schools. In others, the methods course consists 
chiefly of pedagogy. In still others it is a combination of both. — ' 

In the more “progressive” institutions the nature of the course is 
being changed to take cognizance of the needs of science teachers for 
“keeping up-to-date,’ and preparing laboratory demonstrations. In 
several schools a rather extensive visitation program to airports; in- 
dustry, experimental farms, power installations and pharmaceutical 
houses is undertaken. The purpose is to show the students how to 
make use of community resources in vitalizing the classroom program. 

In some, considerable time is taken in the analysis of semi-technical 
magazines, newspapers and industrial publications in order to show 
students how to teach science in an up-to-date fashion through the 
utilization of such materials. In other schools, the prospective science 
teachers are expected to spend “internships” in the college supply 
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rooms learning how to store, repair and set up equipment for the col- 
lege classes. The students are expected also to assist in ordering ma- 
terial and working as laboratory assistants in introductory courses. 

Many schools also expect prospective science teachers to attend 
meetings of the state academies of science, local science fairs and re- 
gional meetings of associations of science teachers. 

Perhaps the changes in this area of the training of science teachers 
are more marked than those in any other. 


Summary 


A summary of a summary would of course be redundant. Yet it 
does seem pertinent to indicate that all the deliberations point out ef- 
forts to broaden the backgrounds of science teachers to include many 
areas of science rather than one or two. The optimal method of imple- 
menting such efforts however is still in need of much study. 


PROPOSALS FOR IN-SERVICE AND GRADUATE TRAINING OF 
ScrENCE TEACHERS® 


The Graduate School and Graduate Work for Science Teachers 


Considerable emphasis was placed on the fact that education at the 
graduate level should not be independent from undergraduate train- 
ing. Rather, graduate work should be designed to ‘“‘pick up”’ the stu- 


dent where he “‘left off’? with the baccalaureate and move him on. 
There was great concern expressed with the fact that graduate schools 
had not fulfilled their obligations with respect to this point in so far 
as science teachers are concerned. 

It is generally recognized that science teachers seldom proceed as 
far in their fields of specialization as do persons in other fields of 
science. Further, in their teaching they seldom utilize the learnings 
of the advanced science courses taken at the undergraduate level. Also 
they do not continue with graduate work immediately after the bac- 
calaureate as frequently as persons in other areas of scientific en- 
deavor. Hence, they often become ‘‘rusty”’ in the sciences they have 
taken. 

Since graduate schools ordinarily offer science courses in which a 
high degree of scientific knowledge is a prerequisite, science teachers 
are usually barred from taking graduate or advanced work in the 
sciences. Thus many science teachers take graduate work in fields of 
education, with which areas they are familiar and in which they are 
competent. Hence, they soon get “‘behind the times” in the sciences. 

In certain cases also a science teacher may have had little or no 
course work in an area such as chemistry, meteorology or astronomy. 
The teacher may suddenly find that such a course may be quite profit- 


* The material in this section is a summary of presentations made by Dorothy Matala, Iowa State Teachers 
College; R. Will Burnett, University of Illinois; and Vaden W. Miles, Wayne State University. 
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able. They soon find however only undergraduate courses available 
that will not apply on a graduate degree. Hence they avoid such 
courses and take others in fields of education that do give graduate 
credit but actually may demand less effort than the undergraduate 
courses in science just described. 

In all these cases, the graduate school fails to meet the needs of 
these teachers by forcing them to take courses designed for other 
persons, and failing to provide them with types they need. Hence, 
they do not take courses in science that will enable them to do a 
better job of science teaching. 

The complaints listed above suggest that much needs to be done. 
However, several presentations indicated that some graduate schools 
had done much to correct the matter. 


Introductory Courses in Science for Graduates 


The evidence presented at the meeting indicated that a few, but an 
increasing number of, colleges and universities had developed intro- 
ductory courses in science for teachers that carry graduate credit. 
This is true both for elementary and secondary teachers. The logic 
behind such a development has two facets. First, science teachers are _ 
considerably more sophisticated than college freshmen and sopho- 
mores. No one can believe that a teacher of science comes in “‘blank”’ 
even in an area in which he has taken no undergraduate work. Second, 
suchcourses can cover considerably more material than a typical intro- 
ductory course at the undergraduate level and can demand more effort 
from, and provide more professional growth for, a teacher than certain 
graduate courses in areas in which the teacher may have a minor. 

Such courses frequently carry titles as, ‘‘“Geology for Teachers,” 
“Astronomy for Teachers,’”’ and “Biological Science for Teachers.” 
They often carry a number containing “E,” (i.e., 501E) which means 
that the course is applicable on a teaching degree in a science area, 
but not on a liberal arts degree. 

Generally in these courses, a quick survey is made of the ‘freshman 
level content,” and the teacher is assigned much independent reading. 
Much of the course then is focussed around subject-matter that may 
be found in courses ordinarily open to both graduates and seniors. 
Occasionally a maximum of four or six hours of such work may be ap- 
plied toward the master’s degree. Such a course avoids the difficulties 
that arise if undergraduate courses are accepted toward the master’s 
degree. 


“Up-to-Date” Courses for Science Teachers 


Another type of course has been developed recently for science 
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teachers. It is designed to provide teachers with information concern- 
ing modern discoveries in a broad area of science. It differs from a 
typical course in that it does not deal intensively with one area, but 
deals with recent developments in many. It is unlike the courses de- 
scribed in the previous section in that students are ordinarily expected 
to have at least a minor in the area of science with which the course 
deals. 

These courses bear names such as, “Recent Advances in Biological 
Science,’ and ““Modern Advances in Physical Science.”’ In none of 
the schools in which such courses have been offered have enrollments 
been large. There is some evidence that enrollments are increasing. 
However, there still needs to be some publicity concerning the pur- 
poses and merits of such courses. Students still seem somewhat wary 
of them. 

Like the courses described in the previous section, they are applica- 
ble only on teaching degrees, not on “‘liberal arts’’ degrees. 


Workshops for Science Teachers 


A recent addition to the scene, at least on a wide scale, is the science 
workshop. These seem to be a phenomenon of World War II. The 
workshop differs from both of the programs just described in that the 
planning is less specific and the activities are tailored to meet the 


needs of the group. It was pointed out that such workshops are most 
effective when the general structure is planned ahead of time, and the 
portion allowed for independent study is planned with the students 
after their arrival. Those that have been least effective are the ones in 
which all planning has awaited the arrival and collaboration of the 
students. 

In such workshops, lectures on modern advances in science are 
planned as general sessions. The participants are then grouped ac- 
cording to their areas of inadequacy and study together using re- 
sources of the staff and library. Ordinarily, each student is expected 
to develop some kind of report or project that will have direct applica- 
tion to his teaching assignment. 

There was divided opinion as to the value of workshops. However, 
the general impression seems to focus around the quality of pre-plan- 
ning of the general structure. There was considerable antipathy 
against the attitude expressed by one person who a few years ago 
directed a science workshop for two days for elementary teachers. 
Her statement was, “I was tremendously challenged because when it 
was al! over they were completely frustrated. It showed they had been 
thinking.”’ The viewpoint of the group was that such attitudes are 
merely excuses for inadequate leadership and planning. 
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Teaching Degrees in Graduate Schools 


An innovation in graduate education seems to be the M.A. and 
Ph.D. administered jointly by the College of Liberal Arts and the 
College of Education. Ordinarily such degrees are designed to train 
science teachers for positions in junior colleges and colleges. The 
content of professional education is usually less than that for a degree 
in education, and that of science less than that for a typical degree in 
science. 

Persons entering such degrees are expected to meet the same stand- 
ards of admission as for the regular M.A. and Ph.D., and to complete 
the same basic requirements. However, the courses in professional 
education deal with the psychology of post-adolescents and the role 
of higher education in the United States. In addition some internship 
as a college teacher is ordinarily expected. The courses taken are tai- 
lored more or less completely to the individual. The student is ex- 
pected to take courses (some at the undergraduate level without 
credit) to remedy any inadequacies in his science training. In addition 
he is expected to complete a ‘‘doctoral major” in the field in which 
he expects to teach. 

As yet few institutions have developed such programs. In those 
that have, enrollments are small. However, this type of degree seems 
to have great promise for providing the vast numbers of science 
teachers that will be needed in the junior colleges and colleges. 


RECOMMENDATIONS FOR POLICIES AND ACTION 


The Discussion Groups 


Following the first group of general meetings a number of discus- 
sion sessions were held during which the presentations were evaluated 
and implications were drawn. The salient details of the discussions 
were recorded. Those for the science meetings are found below. 


For General Science 


It was agreed that the function of the course in general science has 
changed rather markedly in the last decade. When first introduced in 
the 1930’s it was generally considered to be a course introductory to 
the specialized sciences, namely, chemistry, physics, biology and geol- 
ogy. As such it consisted of a series of units dealing chiefly with an 
elementary study of the specialized sciences named above. However, 
the increasing emphasis on the values of science for general educa- 
tion, and the growth of elementary science have placed general science 
in a new prospective. Increasingly it is being recognized as a continua- 
tion of a unified program of science beginning with the kindergarten 
level. The grade placement of general science has varied within the 
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seventh through the ninth grade levels. This of course has been influ- 
enced by the organization of the school system, namely, as to whether 
the 8-4, 6-3-3, or 6-6 pattern was used. At any rate, it is generally 
assumed that general science would be placed at the seventh and 
eighth grade levels. 

Some may wonder why a sequence of general science from the 
seventh through the ninth grades was not suggested. Usually a third 
year of general science becomes repetitious especially if a good pro- 
gram of elementary science precedes it. The overall pattern suggested 
is elementary science from the kindergarten through the sixth grade, 
general science in grades seven and eight, a functional course in bio- 
logical science in grade nine, a functional course in general physical 
science in grade ten, and specialized sciences as chemistry,-physics, 
advanced biology, electricity and geology as electives in grades eleven 
and twelve. 

The above conclusions relative to the placement and function of 
general science serve as a frame of reference for the undergraduate 
training of science teachers who specialize in the teaching of general 
science. The breadth and pattern of the science training would logi- 
cally be commensurate with the degree to which the teacher is princi- 
pally a general science teacher. 

It was suggested that about sixty hours of work in the sciences 
would be desirable. The distribution of such courses might be as fol- 
lows: 


Physical Science | Biological Science | Earth Science 


. Introductory Physical science to | Six hours of work Six hours of geol- 
Courses include approxi- in introductory — ogy, three hours of 
mately six hours of | biology and six astronomy and 
chemistry and six | hours in the area | three hours of me- 
hours of physics | of health teorology 
. “Second lev- | 
el’”’ Courses Four hours | Four hours Four hours 
3. Additional Courses in one of the broad areas to 
Work complete a group major 


The recommendations for the training program are consistent with 
the number of hours of course credit suggested by other groups al- 
though the distribution is somewhat different. 


For Biological Science 


The group on biology went on record as approving a minimum of 
twenty-four hours in biology for certification of teachers of this sub- 
ject. It was pointed out that this was consistent with the recommen- 
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dations of the Illinois State Academy of Science. Others suggested 
that this would eliminate teachers who met only the qualifications for 
minors in certain states. 

Greater emphasis however was given the point that the training of 
a biology teacher needed to be balanced between botany and zoology. 
It was indicated that majors and minors too frequently were deter- 
mined by numbers of hours of credit rather than by the courses a 
student should take. It was recommended therefore that the require- 
ments for a minor indicate the courses that should be included in 
order to assure the proper balance. 

The group also endorsed the principle of selective admission to the 
teacher-training program. It was pointed out that coaches were ex- 
pected to have certain courses in biology to meet the requirements 
for physical education. By adding a few hours of biology they were 
able to meet the minimal number of hours for a minor. These courses 
however frequently bear little relationship to the materials that are 
taught in high-school biology. Further, the coaches had little interest 
in biology except for the fact that it was a convenient way to be certi- 
fied in a teaching field. The idea of selective admission of those truly 
interested in teaching biology and the stipulation of course require- 
ments were considered of value in helping solve the problem. 

It was pointed out also that the disappearance of sharp boundary 
lines between the sciences made it essential for biology teachers to 
have some work in the fields of chemistry and physics. Another recom- 
mendation was that graduate assistants should be used sparingly and 
with strict supervision in teaching and assisting in biology courses at 
the undergraduate level. It was believed that disinterest in biology 
may have come from inferior instruction from these sources. 

A final suggestion was that all biology majors should have some 
opportunity, under supervision, to serve as laboratory assistants. 


For Physical Science 


The major emphasis of this group dealt with the role of student 
teaching as part of the preparation of science teachers. It was believed 
that critic teachers should have been master teachers with extensive 
public school experience. Further, there should be much “tighter” 
relationships among the student teacher, critic teacher and college 
teacher. It was believed that their failures to maintain contact with 
one another made it possible for certain aspects of the training process 
to work at cross purposes. Methods courses should be taught by per- 
sons who understand all facets of the program of training science 
teachers. 

It was pointed out also that the tremendous growth of scientific 
knowledge made it difficult for teachers of physical science to keep 
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up-to-date. The NSF institutes were pointed out as being most valu- 
able for this purpose. There was a suggestion however that some con- 
certed effort be made to carry over the benefit of successful experi- 
ences from one institute to another. 

The role of mathematics in the physical sciences was discussed at 
great length. The inclusion of some mathematics in the training of 
prospective teachers of physical science was recommended. 

The failure of laboratory work to accomplish its purpose was 
blamed on “‘cook book” type activities. The group agreed that much 
study was needed to prepare experiments that emphasized scientific 
methodology. Most of the present experimental programs assume 
that problem solving is a concomitant of rote manipulation. 

Finally, it was recommended that greater effort be made to utilize 
the potential of television in bringing the applications of physical 
science into the classroom. It was the consensus that this medium of 
communication might well be the key to keeping courses in the physi- 
cal sciences up-to-date. 


PROMISING PRACTICES IN MATHEMATICS 
TEACHER EDUCATION 


A REPORT FROM THE MIDWEST REGIONAL STATE 
COLLEGE CONFERENCE ON SCIENCE AND 
MATHEMATICS TEACHER EDUCATION 


CoMPILED BY Joun A. BROWN 
Professor of Mathematics, State University Teachers College, 
Oneonta, New York 
INTRODUCTION 


This Report of the mathematics sections consists of comments and 
quotations selected by the one responsible for compiling the Report 
from the papers presented at the Conference. The excerpts are chosen 
as representative statements of the theme of the paper. It is regret- 
table that the papers cannot be reproduced here in their entirety. 
There will be three parts to the report; namely, Trends in Secondary 
School Mathematics, Teacher Education in Mathematics, and Re- 
ports of the recorders of the two discussion groups. 


TRENDS IN SECONDARY SCHOOL MATHEMATICS 


Maurice L. Hartung, University of Chicago 


The point of view represented by Hartung recognizes a need for a 
movement toward courses that emphasize “modern” mathematics. 
These courses are organized around fundamental concepts: set, 
sentences, relation, function, etc. In these courses, modern logic 
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plays a dominant role; the interest is in the structure of deductive 
systems. 

A century ago Weierstrass in Germany and others began what may 
be described as the arithmetization of analysis. This was an intensive 
effort to make analysis rigorous through a fundamental clarification 
of the basic concepts. About the same time, George Boole in England, 
and later Whitehead and Russell, and others began to work on funda- 
mental logical concepts in an analogous movement, and this has led 
to modern logic and the extensive use of symbolic methods in logic. 
The problem posed for the curriculum now is how these modern 
points of view and the modern exploitation of the basic concepts may 
be introduced into the secondary schools. 

In present accelerated courses, the curriculum has not changed rad- 
ically. These changes include less solid geometry of the classical Eu- 
clidean type, less time on trigonometric solutions of general triangles 
using logarithms, more analytic geometry and calculus. The lines be- 
tween geometry, trigonometry, algebra, etc., are breaking down, and 
emphasis is shifting, but the content is of a type which we all recog- 
nize as similar to what we studied in the early years of college. 

It was pointed out that ‘older mathematics had roots in the soil 
of empirical method” and that modern mathematics has moved far 
away in the direction of abstraction, and study of itself. Has it moved 
too far? Scientists should be interested in this issue. In curriculum 
terms, the problem takes the following form: Does the second type of 
program (the modern, abstract approach) meet the needs of future 
engineers and scientists? It does, if they go far enough up in these 
fields, but what about the practitioners? Also, the engineering courses, 
and books, and instructors, are to a large extent built on the tradi- 
tional content. 

Hartung suggests that: Curve fitting, elementary statistics, experi- 
mental design, and dozens of other ideas are outside the scope of the 
traditional program, but must be (and to a limited extent, now are) 
brought in. It is, I think, worthy of note that the ‘modern mathe- 
matics” approach promises a rich payoff in these fields although as 
yet so few students have had an opportunity to take this path that it 
is hard to prove this. 

Time permits mention of only one example. Modern statistics 
makes extensive use of the concepts such as “class” and of logical 
principles. Many social scientists need statistics in their research, but 
they have not found the traditional mathematics program congenial, 
and so are handicapped. The emerging curriculum, however, should 
be designed so that the social as well as the physical scientists will be 
adequately prepared. 
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C. F. Brumfiel, Ball State Teachers College 


For the past two years, an experimental tenth grade Geometry 
course has been offered at the laboratory high school of Ball State 
Teachers College, Muncie, Indiana. The text for this course has 
been prepared by Professor Merrill Shanks of Purdue, Charles Brum- 
fiel of Ball State, and Robert Eicholz of the laboratory school. The 
postulate set that is used is a modified version of the Hilbert postu- 
lates. 

Early in the year’s work, a systematic study of logic is made. The 
time devoted to the logic unit and the careful development of the 
postulates of betweenness and congruence delay somewhat the in- 
troduction of formal geometric proofs of conventional theorems. 
However when proof is begun, students seem to have considerable 
geometric insight and do well at constructing proofs. 

In the long run, much the same theorems are proved in this course 
as in the conventional course. There is perhaps slightly less emphasis 
upon ruler-compass constructions and theorems pertaining to circles. 

It is the judgement of the authors that students in this course 
absorb about the same geometric “facts” that are learned in a con- 
ventional geometry course. The good students appreciate the rigor of 
the presentation and have a clear insight into the role that assump- 
tions and definitions play in the development of a mathematical sys- 
tem. Average students miss many of the finer points in the presenta- 
tion, but yet are able to use the postulates and definitions satisfac- 
torily as they prove theorems. The weakest students enrolled in the 
course memorize a few assumptions, definitions and theorems, and 
gain relatively little understanding of the structure of geometry. But 
this seems to be the experience that most students have in a class 
which emphasizes deductive proof. It is felt that exposure to the ex- 
perimental geometry program is no more frustrating to these students 
than would be any experience which called for careful reasoning. 

Present plans call for a continuation of this course in the laboratory 
school. Several high schools near the college will teach the course 
next year. Participation of these neighboring schools will make it pos- 
sible to evaluate the course effectively. 


TEACHER EDUCATION IN MATHEMATICS 
Henry Van Engen, Iowa State Teachers College 


The introductory statement of Van Engen suggests reforms in the 
high school curriculum consistent with the viewpoint expressed by 
Hartung. This includes the teaching of ideas of set, postulates of a 
field, and the number line as basic element in a ninth grade algebra 
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course. The high school Euclidean geometry course needs revision 
and the junior and senior years should be reserved for trigonometry 
of numbers, the elements of analytical geometry, probability, sta- 
tistics, and the calculus. 

Such an ambitious high school program suggests a look at the 
mathematics course for secondary school teachers. A freshman course 
should recognize that ‘“‘The high school graduate—even the best of 
them—need time to reorient themselves to a new way of thinking 
about mathematics.”’ 

And having introduced the prospective teacher of mathematics to 
some of the elements of a deductive system in the freshman year, 
the undergraduate will more readily accept the spirit of a modern 
algebra course. This course should be a part of the junior-senior work 
in every teacher-education curriculum. Modern algebra has become 
important as a teacher-education course since the inception of the 
demand for a reform in the high school. The spirit and ideas of 
modern algebra are essential for any common-sense reform of second- 
ary mathematics. Furthermore, if anything is to be done with simple 
deductive systems of an algebraic nature in the high school, the mod- 
ern algebra course is a must in teacher-training work. 

Many mathematicians are thinking about a statistics course in the 
high school. Whether such a course becomes an actuality or not, it is 
imperative that teachers of mathematics come in contact with infer- 
ential statistics. Such contact can be justified as 1) good general edu- 
cation, 2) a necessary contact with one of the principal branches of 
mathematics, and 3) a necessary tool for any teacher—especially a 
teacher of mathematics. Furthermore, it is readily conceivable that, 
in the future, some of the larger high schools may wish to employ a 
mathematics teacher with special preparation in the field of statistics. 
An introduction to this field during the undergraduate years could 
readily lead to more graduate work in statistics, thereby adequately 
preparing some teachers for work in statistics in the high school. 

According to the program outlined so far, the prospective mathe- 
matics teacher has come in contact with three of the four main 
branches of mathematics; namely, analysis, as found in freshman 
mathematics and sophomore calculus, statistics, and modern algebra. 
What about geometry? Certainly the old college Euclidean geometry 
that many of us were brought up on during our undergraduate years 
is not sufficient. The future mathematics teacher must have a broader 
look at geometry; in fact, he must come in contact with geometries if 
geometry is to be meaningful at all. In this area it seems to me, one is 
handicapped by lack of good textual material. At the present time, 
one must select from here and there, and this procedure is not always 
too good for undergraduate classes. 

In regard to teacher-education: A teacher-education course may 
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differ from a course in mathematics for engineers. In teacher educa- 
tion there should be time to linger over ideas of special import. There 
should be time for the teacher to make the thought structure a 
part of himself. Following this, the evaluation procedures used in the 
course should reflect these fundamental ideas. 

A teacher knows more than manipulation of the symbols of mathe- 
matics. It is of the essence that the teacher know the spirit of mathe- 
matics as well as the machinery of mathematics. Therefore, the point 
of view of instruction in the undergraduate and graduate courses for 
teachers is of utmost importance. The teacher who does not see the 
structure of mathematics, certainly cannot teach ideas based on 
structure. To a teacher it is important to see that such things as 
matrices almost behave like a number and it is instructive to raise 
the question, should we call the numbers? Out of such questions 
insights are formed; these insights are essential to teaching. 


Joseph Landin, University of Illinois 


The University of Illinois offers three programs for the training of 
mathematics teachers. 


I. Curriculum preparatory to the teaghing of mathematics; 


II. Curriculum preparatory to the teaching of mathematics and of 


the physical sciences; 
III. A program for the supplementary training of secondary school 
mathematics teachers. 

Curricular I and II are well established parts of the University pro- 
gram of teacher training. These curricula lead to B.S. degrees in the 
Teaching of Mathematics and the Teaching of Mathematics and 
Physical Sciences, respectively. Both curricula have fifth year pro- 
grams leading to master’s degrees in the respective fields. 


Our third program which I shall discuss in detail is an attempt to contribute 
to the solution of problems which have become pressing in recent years. 
These problems are: 
a) What can be done to alleviate the effects of the shortage of mathematics 
teachers in the secondary schools? 
b) What can be done to improve the mathematical backgrounds of secondary 
school teachers so that they may be more effective in their work? 
Specifically, the purposes of our supplementary training program (Curriculum 
III are: 
(1) to enrich teachers’ backgrounds relative to the subjects they now teach 
or may be called upon to teach in the not too distant future; 
(2) to acquaint teachers with modern developments in some branches of 
mathematics; 
(3) to inform teachers of new curriculum developments in secondary school 
mathematics; 
(4) to provide specific pedagogical techniques for classroom use. 


The first two courses in Program III are entitled: 
(1) Elementary Geometry from a Modern Viewpoint. 
(2) Number, Length and Area. 
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The first parts of these courses coincide to some extent in that both 
include the elements of set theory. The set theory required for the 
second course is more extensive and includes the following topics: 

Intuitive concept of a set, union, intersection, complement, rela- 
tive complement, Cartesian product, ordered pairs, relations, equiva- 
lence relations, partitions, function, mappings, 1-1 correspondence, 

b 
and inverse of a 1-1 correspondence. 

A strong effort is made to motivate each new concept, preferably 
before it is introduced, with some examples that are homely and with 
others that may have mathematical relevance for teachers. Fre- 
quently, before proving a theorem in its full generality, we illustrate 
the techniques used by proving special cases in familiar situations. 
Our treatment of set theory is not axiomatic, but all proofs are rigor- 
ous. 

Course (1) continues with: 

a) An analysis of the axiomatic method including a description of axiom 

systems, consistency, independence, completeness, categoricalness. 

b) Logic; the connectives and, or, not, implies rules of inference, quantifiers 
(essentially this part consists of a light treatment of the calculus of proposi- 
tions, and first order functional calculus). 

c) Critical examination of Euclid’s “Elements.”’ We discuss the axioms and 
postulates, analyze several theorems, with emphasis upon important omis- 
sions. 

Study of Hilbert’s Axioms. Analysis of the axiom system, deduction of a 


number of important theorems ordinarily overlooked in the usual treat- 
ments of elementary geometry (e.g., theorems on order and separation). 


Before going on to a description of the second course, I must admit 
that in our plans we succumbed to a common failing. We found that 
the course as originally outlined included more topics than we could 
cover. It would be more appropriate at this time to rename this 
course simply “The Real Numbers.” The topics studied are: 

The natural numbers. We begin by giving a sequence of definitions which 
leads to the definition of the natural numbers as the cardinals of finite sets. 
We then proceed to prove that the principle of Finite Induction holds for 
the natural numbers, and to develop the arithmetic of the natural numbers. 
The integers as ordered pairs of natural numbers. 

The rationals as ordered pairs of integers. 

The real numbers as Dedekind cuts in the rationals. 


A glance at the topics I have outlined will show that, although much 
of the material can be found in the mathematical literature, little, if 
any, is written in such a form as to be reasonably comprehensible to 
anyone but a person who either is, or is bent upon becoming, a pro- 
fessional mathematician. Therefore, one of our principal objectives is 
to write this material in text form for the teachers’ courses in Program 
III. The first of these courses has already been given three times, and 
the second course, the course on the real numbers, is currently being 
given a second time. Our experiences lead us to believe that these 
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topics can be studied by the teachers, provided we exercise sufficient 
care in developing motivation, and present the subjects in a suffi- 
ciently simple way. 

The third course of Program III is a course in modern algebra. Here 
we study integral domains, rings, fields, polynomial domains, the 
elements of group theory, finite dimensional vector spaces. We relate 
these topics to high school teachers’ needs by discussing, in detail, 
unique factorization in F[x] and comparing with factorization in 
elementary algebra. The study of field theory is carried sufficiently 
far that we can deal with problems of interest to the teacher, such 
as trisection of the angle, duplication of the cube. If time permits, 
we outline Galois theory and the insolvability of the quintic. This 
course in algebra is being given currently for the second time. 

The fourth, fifth and sixth courses of Program III are on the 
Foundations of the Calculus, Introduction to the Theory of Func- 
tions of a Complex Variable, Geometry (Affine and Projective). 

Courses seven and eight deal with matters of mathematical peda- 
gogy and curriculum. New secondary school curricula, in particular 
that of the University of Illinois Committee on School Mathematics, 
are studied, and suggestions are made for improvements in the stand- 
ard curricula. 

The foregoing is largely experimental and the Mathematics De- 
partment anticipates that there will be changes in content and presen- 
tation as the program develops. 

Program III is the substance of a full year’s course which will be 
given during 1957-1958 in an Academic Year Institute for the Supple- 
mentary Training of Secondary School Mathematics Teachers at 
the University of Illinois. This Institute is being supported by funds 
granted by the National Science Foundation, and is to be attended 
by 18 teachers. (Note: by reason of additional grants, the number 
of teachers in attendance was subsequently raised to 34). 


P. D. Edwards, Ball State Teachers College 


Ball State Teachers College is engaged in the preparation of teach- 
ers at all levels from kindergarten to superintendents. There are no 
courses in mathematics which are required of all students. Some 
special courses are given as a service to other departments, but most 
of the work in the department is concerned with the preparation of 
teachers of high school mathematics. Students on the curriculum for 
the preparation of elementary teachers form the second largest teach- 
ing load. A graduate of a four years’ course may receive a license valid 
for five years which may be renewed once. A Master’s degree is re- 
quired to obtain a permanent certificate. 

The mathematical preparation of elementary teachers is in our 
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opinion unsatisfactory. In the four year course, these students take 
just two courses in the department—one in the foundations of arith- 
metic and one in methods. Some improvement is realized at the grad- 
uate level. A steadily increasing number of elementary teachers in- 
clude one or more special courses offered by the department for candi- 
dates for the M.A. in Elementary Education. A special course offered 
only by extension has assisted several communities in the revision of 
their arithmetic curriculum. 

We operate on the quarter system and most courses meet four times 
per week. The prospective high school teacher of mathematics takes 
from nine to sixteen courses and may take a methods course in addi- 
tion. Students who have not had one year of algebra and one of geom- 
etry in high school cannot enter the program. Those with this mini- 
mum must take a course in Intermediate Algebra which may be 
counted toward graduation but is not one of the required courses 
toward a license in mathematics. A core of seven courses is re- 
quired unless one or more were taken in high school. These begin 
with College Algebra and Trigonometry and end with Differential 
Equations. The additional courses are elective but the student must 
include from two to nine of them. Electives may be taken from Statis- 
tics, Mathematics of Finance, Theory of Equations, Modern Algebra, 
Modern Synthetic Geometry, Projective Geometry, and Advanced 
Calculus. Qualified students may elect one or more of the graduate 
courses. 

For a masters degree in mathematics, seven courses in mathematics 
and five courses on related electives are required. Three of the seven 
courses must be taken in one of the three fields: Analysis, Algebra, 
or Geometry. Graduate courses offered for elementary teachers may 
not be counted toward the M.A. in mathematics. 


L. Earle Bush, Kent State University 


The first of my unsolved problems: How can we keep the teacher in 
touch with mathematics, not necessarily with high level mathematical 
research, but with mathematics which will stimulate him to think, to 
tackle problems which are new to him, to carry on mathematical dis- 
cussions? This is something which is not lacking in the corridors and 
offices of the colleges, but which, I am told, is almost wholly absent 
from most high school corridors. 

In many school districts, a salary raise is held out as an inducement 
for a teacher to return to school and earn a master’s degree. For the 
mathematics teacher this degree may be earned in mathematics, or, 
better still, a Master of Education degree in a combination of mathe- 
matics, general education, and professional education courses. But 
this is not usually required. The same salary raise is forthcoming if 
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the mathematics teacher earns his degree in history, Sanskrit, or 
public school administration, without ever making the acquaintance 
of a mathematician, even though he never expects to teach a class in 
history, or Sanskrit, nor to administer a school. Why would a mathe- 
matics teacher want to earn a degree in public school administration. 
The answer is that very often he does not. Our mathematics depart- 
ments force him to take this road to the salary increase by making it 
so difficult for him to get the degree in mathematics, that it would 
necessitate his taking one or two more summers and postponing the 
raise by as many years. We cannot excuse ourselves by saying the 
teacher ought to take his advanced work in his subject-matter field, 
or that the school authorities ought not recognize advanced degrees as 
justification for salary increases for classroom teachers, unless those 
degrees bear at least some relation to the subject taught. This is a 
situation over which we have no control, and—regardless of how 
badly it needs correction—we need to do whatever we can within 
our own field of influence to better the situation. 

The second unsolved problem: How can we induce teachers to in- 
crease their training in their subject-matter fields and thus increase 
their effectiveness as teachers? I first began to question the traditional 
regimen for the master’s degree when I learned, in a conversation 
with the Dean of our Graduate School, that most teachers who return 
to school for the master’s degree want more work in their subject- 
matter field, but that they find it impossible to pick up where they 
left off as undergraduates, and that this is especially true in mathe- 
matics and the sciences. This started me to wondering whether we 
were not trying to force teachers into an educational pattern which 
was designed for an entirely different group. Is it not possible to de- 
sign a master’s degree program for teachers, which would be both 
respectable and fitted to their needs? Some of my research-mathema- 
tician friends would say no, one trains mathematicians as mathe- 
maticians, whether they expect to teach mathematics in high school 
or to do high level mathematical research. The average high school 
teacher returning to school after several years teaching is out of 
touch with mathematics of even an elementary college level; he has 
forgotten his calculus, he remembers very little of theory of equations, 
or of his other undergraduate courses. He is either not ready, or 
thinks he is not ready, to follow successfully a traditional beginning 
graduate course. I see no way that we can reach this type of student 
except by designing a new course adapted to his needs and to his 
retention of his previous mathematics. 

The third unsolved problem: What should be the content of a course 
of study for the high school teacher who has been out of school for 
several years and who wants to attain the master’s degree in the mini- 
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mum time? I realize that a few institutions have been working on this 
problem, but I doubt if it can be said to have been solved until most 
of our institutions which grant master’s degrees have done something 
about it. The course of study which I propose would be specifically 
for teachers and for this reason should be counted toward the master 
of education degree only. 

I have not thought a greal deal about the content of the kind of 
course of study which I am proposing. It should not be a mere review 
of the undergraduate courses in mathematics, although it could well 
contain some of the less well-known of the applications of analytic 
geometry, calculus, and differential equations, and in this way give 
an incentive for a review of these subjects on the part of the student. 
Most of the material of the course should probably be drawn from 
more modern mathematics, but mathematics which does not presup- 
pose a very detailed knowledge of undergraduate mathematics. 
Topics might be included from non-Euclidian geometry, point set 
theory, elementary topology, Boolean algebras, probability theory. 
The course should be so designed as to bring in the need of traditional 
undergraduate topics, a little at a time, thus necessitating review by 
the student, but giving him plenty of time to do the reviewing. Above 
all, it should be a course im mathematics and not a course about 
mathematics. 

I would like to mention a few other things which we can do to help 
teachers maintain their enthusiasm. One of these is to keep in touch 
with our mathematics graduates after they get out into the teaching 
field. I would like to see every new high school teacher visited at 
least once a year, for the first few years, by a member of the mathe- 
matics department under whom he had courses. 


John A. Brown, State University Teachers College at Oneonta, N. Y. 


During recent years, the Junior High School has developed into an 
administrative unit in its own right. Generally, mathematics educa- 
tion courses have ignored the junior high school as an entity. Teach- 
ers are usually trained to teach senior high school mathematics, 
grades 9-12, or for the elementary grades, 1-8. Elementary school 
teachers have very little training in mathematics beyond the courses 
taken in high school. Semester credit in required courses in mathe- 
matics for elementary school teachers vary from 0-6. It is conceiva- 
ble, and is many times the case, that a teacher can teach mathe- 
matics in grades 7, 8 and possibly 9, without having mathematics be- 
yond high school. Since these people as students usually did not like 
mathematics, if they had they would have taken more, we have many 
inadequately trained teachers in a field which is most important to 
society. 
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It is suggested that junior high school teachers need to be mathe- 
matics majors. A training program for 7, 8 and 9 grade teachers would 
necessarily emphasize foundation courses. Basic understanding of 
mathematical ideas is more important to the teacher than to become 
skillful in solving problems such as would be required of a student 
preparing for a career in engineering. Since the background of enter- 
ing freshmen vary a great deal, it is necessary to have a flexible pro- 
gram, especially for the first year courses. 

The following is a suggested outline of courses for a five-year pro- 
gram. A teacher would receive a conditional certificate at the end of 
the traditional four years. Four summer school sessions would then 
be required to become fully certified as a mathematics major. The 
course would result in a master’s degree if desired. Courses which ap- 
pear to be especially appropriate for junior high school teachers have 
been selected. 

I. Freshman year* 
Unified Mathematics—Algebra, Trigonometry, and Analytic Geome- 
try—6 hours 

II. Sophomore year 

Ist semester—Analytic Geometry and Calculus—4 hours 
2nd semester—Analytic Geometry and Calculus—4 hours 

III. Junior year 

Ist semester—Modern Algebra —3 hours 
2nd semester—Mathematical Statistics—3 hours 
IV. Senior year 
lst semester—Practice Teaching 
2nd semester—Foundations of Arithmetic—3 hours* 
2nd semester—History of Mathematics—3 hours 
Summer Sessions: 


The Teaching of Junior High School Mathematics —3 hours 
Geometry —3 hours 


Theory of Numbers - —3 hours 
Statistics —3 hours 


Foundation of Geometry —3 hours 


Topics in Teaching Junior High School Mathematics—3 hours 
Advanced Calculus —3 hours 


*x* * * 


Since drafts of papers were not requested in advance of the Confer- 
ence, reports on some of the papers presented are necessarily given in 
less detail. 


Eugene W. Hellmich, Northern Illinois State College 


Hellmich, speaking on the calculus in teacher education, empha- 


* Ifa freshman enters with Advanced Standing due to work completed in high school, he may start his mathe- 
matics with the second year subjects. 
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sized the need of teachers for a course in the calculus and analyzed 
the contests and point of view desirable for teachers in such a course. 
It was recognized that the calculus course has traditionally been 
greatly influenced by what was assumed to be the needs of engineer- 
ing students. Possibilities of special courses in the calculus for stu- 
dents entering various fields were explored, but the majority of 
those taking part in the discussion appeared to favor a single course 
developed around ideas and experiences which would be beneficial 
to engineers, teachers, social scientists and other students, alike. 
Attention was called to the work on the first two years of college 
mathematics being carried out under the sponsorship of the Social 
Science Research Council. (See ITEMS, Vol. 9, No. 2, June 1955: 
“Recommended Policies for the Mathematical Training of Social 
Scientists.’’) 
G. Baley Price, University of Kansas 

Price discussed inservice training for mathematics teachers. He re- 
viewed past, current, and needed programs for teachers on the job, 
stressing the special importance of the availability mathematics 
courses for experienced teachers, carrying graduate credit when pos- 
sible, at this time of ‘ferment’ in secondary school and college 
mathematics curricula. It was pointed out that, in addition to their 
own Universal Mathematics, the MAA Committee on the Under- 
graduate Program has a strong interest in teacher education. He de- 
scribed important contributions which the National Science Founda- 
tion has made to the improvement in inservice teacher education, 
through their academic year and summer institutes, and will make 
through their new program to be inaugurated in the fall of 1957 
providing for evening or Saturday courses for inservice teachers. 


REPORTS OF THE RECORDERS 


I. Mathematics, freshman and sophomore years 


Leader: H. Glenn Ayre Recorder: Carroll E. Flanagan 
Western Illinois State Wisconsin State Univ., 
College Whitewater 


It was agreed by the group present that discussion should be 
centered around three main topics: 


I. Identifying the problems in teaching freshman and sophomore 
level mathematics. 
II. Current practices in meeting these problems. 
III. Possible practices that might be tried or recommended. 


Nine problems of general interest were listed. From these, several 
were chosen for discussion as time permitted. 
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Problem Number 1. How do we induce small high schools to offer an 
adequate mathematics program? 


It was pointed out that some schools offer only one year of mathe- 
matics—no opportunity being given for pupils to study geometry. 

It is difficult to get legislation which would require the teaching of 
mathematics courses. 

Indications of the recognition of the problem of inadequate mathe- 
matics opportunities by various groups (educational and other wise) 
are becoming more frequent. This is encouraging. 

A Wisconsin law provides that a high school student may take a 
correspondence course (from the University) in a subject not offered 
in his local high school and that the local board must pay the cost of 
the course. 

Improper counseling and guidance in many schools steers pupils 
away from the desire for mathematics courses. Colleges might help 
alleviate the problem by: 


1. Providing correspondence courses 

2. Television courses 

3. Field services such as publications, counseling and guidance of high school 
supervisors and teachers, and 

4. By exerting pressure through college entrance requirements. 


Problem Number 2. Should there be a general requirement of mathe- 
matics for graduation from college? 


Most teachers’ colleges require a mathematics course for gradua- 
tion. Some allow a choice of mathematics or science or a substitution 
of foreign language for majors in some fields. There is a trend toward 
making the required course a mathematics appreciation course or a 
general mathematics course. College credit is usually given for these 
courses although they usually do not count toward mathematics 
major. ‘ 

There seems to be a general upward trend in the percentage of 
students electing to take mathematics courses. 

It was suggested that the required course for poorly prepared 
students be of a different nature from the traditional freshman level 
course. Perhaps a course based on the development of basic mathe- 
matical laws and their application to simple ideas would be appropri- 
ate. 

There was general agreement among the conferees that all college 
graduates should have some basic knowledge of mathematics. 


Problem Number 3. Do colleges desire to have high school graduates 
with advanced standing courses in mathematics, or do they create 
too many problems for college mathematics departments? 


Most colleges are glad to get students with advanced standing in 
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mathematics (i.e. high school courses in trigonometry, analytical 
geometry, and calculus). 

Colleges need to know the nature and calibre of the advanced high 
school courses—or give an achievement test. What the colleges do 
with the advanced standing students depends upon the local situation 
—the types of courses the college offers and facilities for proper place- 
ment of the entering students. 


Problem Number 4 was an extension of the previous problem. How 
can the colleges fit the accelerated student into the modern mathe- 
matics program? 

It was suggested the entering accelerated student might be given 
background courses including topics from ‘“‘modern” mathematics. 

Sometimes he is put into regular advanced courses in college mathe- 
matics—his placement depending upon a proficiency test. 

Usually college credit is not given for the advanced courses taken 
in high school. (Credit is usually not an important aspect for students.) 

It was suggested college credit be given if a certain degree of pro- 
ficiency is evidenced on an examination. Some colleges give high 
school graduates an opportunity to try the advanced college level 
courses in summer school before enrolling for the regular academic 
year. Most (80%-90%) of the schools represented by the discussion 
group sectioned entering mathematics students by means of a test, 
high school records, or both. 

The experts are not yet in agreement as to just what “modern” 
mathematics should be included or how it should be presented, but 
the consensus was that some topics from “modern” mathematics 
could be integrated with topics from the traditional courses. 

Certain phases of geometry, for example, might be omitted or con- 
densed to provide room for the new topics. A few colleges still require 
solid geometry for entrance, but the trend is definitely away from 
this. Some aspects of this course might be integrated with other 
courses. 

Many groups, engineers, scientists, mathematicians, are pushing 
the introduction of modern mathematics topics. It is said students 
develop mathematical concepts faster. More work needs to be done 
on integrating modern and traditional mathematics and presenting 
it in a unified treatment. Proper revision of courses is important. 
Colleges need to provide in their mathematics departments for the 
training of prospective high school mathematics teachers so that 
they can go into high schools and teach modern mathematics. 

Critic teachers and supervisors of student mathematics teachers 
need to be well founded in mathematics as well as the principles of 
teaching. 
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A mathematics supervisor from the college mathematics staff is 
highly desirable. 

Well written articles aimed at encouraging proper practices in the 
supervision of mathematics student teachers might be beneficial. 

One of the best ways to improve the mathematic$ program in high 
schools is to train students in the methods and materials of modern 
mathematics in our college mathematics courses. 

Colleges and high schools are encouraged to study the problem of 
introducing modern mathematics and to experiment, but progress 
should be made cautiously so that the program does not slip backward 
rather than forward. 

It was suggested some modern topics might be introduced in the 
advanced courses and then gradually pushed down into lower level 
courses. The Illinois project was recommended as being worthy of 
study and investigation by all interested parties. The problem of the 
shortage of mathematics teachers ‘was discussed briefly. Suggestions 
which might be studied included: 1. Large lecture sections with small 
discussion groups with laboratory sections for remedial work; 2. Tele- 
vision courses and films of presentations supplemented by opportu- 
nities for private conferences. 

Other plans for teaching mathematics classes and saving mathe- 
matical manpower need to be studied, but any successful plan needs 


to provide ample opportunity for the student to have his questions 
answered by qualified mathematics teachers. 


II. Mathematics, junior and senior years 


Leader: T. C. Holyoke Recorder: Lauren Woodby 
Miami University Central Michigan College 
Oxford, Ohio 


The Problem 


How much mathematics and what kind of mathematics do we 
want our future teachers of secondary school mathematics to have 
during their junior and senior years in college? 


Assumption 

The mathematics teachers whose training is under discussion are 
to be the teachers of college-bound students. 
Discussion 


There was common agreement evidenced in favor of a stronger 
mathematics program during these two years. The present offering of 
the colleges represented is varied, both in extent and content. Dis- 
satisfaction with the course in college geometry was expressed by 
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several participants. There was lively discussion on the merits of 
theory of equations, mathematics of finance, differential equations, 
slide rule, field work, and statistics. Mr. Landin, University of Illi- 
nois, proposed that the present varied offering for the third and 
fourth year be replaced with some courses that would answer the fol- 
lowing three questions: 

1. What constitutes a mathematical system? 


2. What is a number? 
3. What is the distinction between a number and a symbol for a number? 


He described the courses now in progress at the University of Illinois. 
Some topics included are set theory, logic, axiomatic systems, and 
classical problems of antiquity. 


Recommendation 


The following recommendation was unanimously adopted: 
There should be three semester hours of work in each of these four 
basic areas: 


‘1. Mathematical Systems 
a. Axiomatics 
b. Logic 
2. Real numbers 
3. Modern Algebra 
4. Geometry (axiomatic treatment) 


In addition, there should be a total of six semester hours of work 
elected from these areas: 


1. Advanced calculus (including metric topology) 

2. Applied mathematics (e.g. statistics, applications to physics, numerical 
analysis, etc.) 

3. Geometry (including topology) 

4. Algebra 


Comments 


The above recommendation was agreed upon with the realization 
that it will not be practicable, at present, for most of the institutions 
represented. Some deterring factors are inadequate staff,:lack of 
suitable published materials, and existing requirements on the 
secondary teaching curricula. Discussion of these problems led to the 
question of the offering during the freshman and sophomore years, 
although this question was treated in another discussion group. The 
following recommendation was adopted: 


Full credit should not be given for courses offered in college that are high 
school mathematics courses. This includes intermediate algebra. 


Gibberellic acid, the “wonder” growth-promoter, can cause virus-stunted 
plants to grow again. Previous research has showed the hormone-like substance 
can overcome both genetic and physiologic stunting. 
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I-G-Y MEANS KNOWLEDGE 


MAITLAND P. StmMons 
Irvington High School, Irvington, New Jersey 


All teachers, especially those of science, recognize the value of 
references in their class work. The purpose of this study, then, is to 
analyze briefly pamphlets and magazines for interest appeal, illustra- 
tions, and factual information concerning the INTERNATIONAL 
GEOPHYSICAL YEAR. No attempt has been made to give the im- 
portant highlights for each listing. 


An I.G.Y. BIBLIOGRAPHY 


What are science teachers doing about this timely activity? 

This compilation of titles is another academic tool for the enrich- 
ment of the science program. From this list, teachers may assign 
topics to the more capable students for oral reports. Moreover, the 
talented young scientists may find the suggested content highly use- 
ful for making up-to-date science fair projects. Furthermore, the 
I.G.Y. material may serve also as a basis of classroom discussion at 
all levels of development for such units as Air, Climate, Weather, 
Earth’s Crust, Light, Water, and Living Things. 

The present list of science reading materials for pupils and teachers 


include pamphlets and some of the more popular magazines, particu- 
larly the Science News Letter, Science Digest, and the Scientific 
Monthly, published in the period from May, 1956 through August, 
1957. 


Pamphlets 


. KAPLAN, Josepu. ““The International Geophysical Year,’ For Better Teach- 
ing of General Science, Bulletin No. 7 (Columbus 16, Ohio: Wesleyan Uni- 
versity Press, Education Center), 1937. 

. SPILHAUS, ATHELSTAN. “The International Geophysical Year,” Progress 
Through Research, Vol. 10, No. 4 (2010 East Hennepin Avenue, Minneapolis 
13, Minnesota: General Mills, Inc., Research Laboratories), 1956, pp. 1-3, 
11-13. 

. Advancing the Scientific Frontier: International Geophysical Year, (General 
Electric), 1957-1958. 

. NATIONAL ACADEMY OF ScIENCEs. “International Geophysical Year,” 
Document No. 124 (Washington: United States Government Printing Office) 
May, 1956. 


Magazines 


. Boru, GeorcE A. W. “The World’s Greatest Research Project,’ Fortune, 
Vol. LV, No. 6 (June, 1957) pp. 164-168, 216, 220, 222, 225-226, 230. 
. Carptn, Martin. “International Geophysical Year,” Flying, Vol. 58, No. 6 
(June, 1956), pp. 22-24, 54, 56-57. 
3. CHAPMAN, StIpNEY. “Mass Attack on the Earth’s Mysteries,” Popular 
Mechanics, Vol. 104, No. 5 (November, 1955), pp. 107-112, 260-262, 264, 
266. 
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. Crary, A. P. “Seismology and the U. S. IGY Program” The Scientific 
Monthly, Vol. 83, No. 5 (November, 1956), pp. 225-231. 


5. DEMPEWOLFF, RicHarD F. “How You Can Spot the Satellite,” Popular 


Mechanics, Vol. 108, No. 2 (August, 1957), pp. 72-76, 234. 
. DrypEN, Hucu L. “The International Geophysical Year: Man’s Most 
Ambitious Study of His Environment,” The National Geographic Magazine, 
Vol. CIX, No. 2 (February, 1956), pp. 285-298. 
. Ewrne, Ann. “Seeing Earth Satellites,” Science News Letter, Vol. 70, No. 
22 (December 1, 1956), pp. 346-347. 
= “Spotted Sun Sparks IGY,” Science News Letter, Vol. 71, No. 22 
June 1, 1957), pp. 46-347. 
———. “Understanding the Earth,” Science News Letter, Vol. 71, No. 23 
(June 8, 1957), pp. 362-363. 

““Man’s First Satellites,” Science News Letter, Vol. 72, No. 1 (July 
6, 1957), pp. 10-11. 
. ———. “The Earth’s Crust,” Science News Letter, Vol. 71, No. 25 (June 
22, 1957), pp. 390-391. 
. ———. “Weather, Oceans and Climate,” Science News Letter, Vol. 71, No. 
24 (June 15, 1957), pp. 378-379. 
. FURLONG, WILttAM Barry. “What I.G.Y. Will Do,” Natural History, Vol. 
LXV, No. 6 (June, 1956), pp. 314-317, 330-332. 
. Lanc, Dante. “A Reporter at Large,” The New Yorker, Vol. XXXIII, 
No. 12 (May 11, 1957), pp. 108-132. 
. LanGc, Danret. ‘‘What’s Ahead for the Satellite,” Science Digest, Vol. 42, 
No. 2 (August, 1957), pp. 69-85. 
. LEAR, JoHN. “Research in America,” Saturday Review Vol. XL, No. 27 
(July 6, 1957), PP. 35-38. 
ANN, GEORGE. “Making Maps More Accurate,” Science Digest, Vol. 41, 
No. 3 (March, 1957), pp. ‘25-28, 
, NEWELL, Homer E. “International Geophysical Year Earth Satellite Pro- 
gram,” The Scientific Monthly, Vol. 83, No. 1 (July, 1956), pp. 13-21. 
. OpisHAW, HucuH. “The International Geophysical Year,” The Science 
Teacher, Vol. XXIV, No. 4 (May, 1957), pp. 166-171, 194-195. 
. PERKINSON, WILLIAM J. ‘“Unriddling the Earth’s Secrets,” Science Digest, 
Vol. 40, No. 6 (December, 1956), pp. 70-74. 
. REVELLE, RoceEr. “Sea, Ice, and Rainwater,” Saturday Review, Vol. XXXIL, 
No. 35 (September 1, 1956), pp. 41-44. 
. SmncER, S. F. ‘Minimum Earth Satellites as Storm Patrol,” The Scientific 
Monthly, Vol. 85, No. 2 (August, 1957), pp. 95-98. 


3. STAFF WRITER. “Astronomical High Lights,” Science News Letter, Vol. 70 


No. 18 (November 3, 1957), p. 277. 
_ ———. “Data from Satellites Sent by Two Methods,” Science News Letter, 
Vol. 70, No. 18 (November 3, 1956), p. 280. 
; “Earth Satellite May Help Weather Forecasting,” Science News 
Later, Vol. 71, No. 20 (May 18, 1957), p. 306. 
——. “Name Scientist be! Direct L.G.Y.,”’ Science News Letter, Vol. 69, 
No. 1 (January 7, 1956), ; 
“Satellite Only ‘of 1.G.Y.,”’ Science News Letter, Vol. 72, No. 
2 (July 13, 1957), p. 20. 
. ———. “Satellite Spotting Sites,” Science News Letter, Vol. 70, No. 4 
July 2 28, 1956), p. 54. 
“Radio Waves from Space,” Science News Letter, Vol. 71, No. 5 
(February 2 1957), p. 66. 
——. “Test Run for LG. Y.,” Science News Letter, Vol. 71, No. 22 (June 
1, 1957), p. 339. 
. “Test Solar Rocket Soon,” Science News Letter, Vol. 72, No. 2 
(July 13, 1957), p. 20. 
: . “Three World Centers to Handle I.G.Y. Data,” Science News Letter, 
Vol. 71, No. 5 (February 2, 1957), p. 72. 
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. “United States and Russia Exchange Data on Sun,” Science News 
Letter, Vol. 71, No. 9 (March 2, 1957), p. 137. 
34. ———.. “I.G.Y.,” Time, Vol. LXX, No. 2 (July 8, 1957), pp. 36, 41. 
35. ————. “The South Pole,” Time, Vol. LXVIII, No. 25 (December 17, 
1956), Pp. 22-23. 
. ————. “‘Man Launches a Midget Moon,” Natural History, Vol. LXV, No. 
6 (June, 1956), pp. 318-319. 
. ——. “Song Year,” The New Yorker, Vol. XXXIII, No. 17 (June 15, 
1957), PP. 25-26. 
“Geophysical Year Coming Soon,” Science Digest, Vol. 36, No. 6 
(Dece mber, 1954), p. 13. 
_ ———. “The World Studies the World,” Life, Vol. 43, No. 3 (July 15, 1957), 
pp. 19-30. 
———. “The Amateur Scientist,” Scientific American, Vol. 196, No. 1 
(January, 1957), pp. 144-146, 148, 150, 152, 154, 156. 
_———. “The Big Push,” Newsweek, Vol. XLIX, No. 25 (June 24, 1957), 
pp. 102, 104. 
. WexLER, H. “Meteorology in the International Geophysical Year,” The 
Scientific Monthly, Vol. 84, No. 3 (March, 1957), pp. 141-145. 
. Wurppete, Frep L. “Wanted: Spotters for the Satellites,” Science Digest, 
Vol. 40, No. 6 (December, 1956), pp. 33-37. 
. ———. AND Ryne Ls, J. ALLEN. “Stand By for Satellite Take-off,” Popular 
Mechanics, Vol. 108, No. 1 (July, 1957), pp. 65-70, 216, 224, 228. 
. Wuite, Rospert W. “Inside the Space-Man,”’ Saturday Review, Vol. XL, 
No. 27 (July 7, 1957), pp. 40-43. 
. Wotrarp, GeorGce P. “Gravity Program of the W.S.,” The Scientific 
Monthly, Vol. 83, No. 6 (December, 1956), pp. 298-300. 


To keep abreast of the times and to fill the needs of the young 


people, it is recommended that the bibliography should be kept up- 
to-date. 


MULTIPOLE SWITCH USES RADIATION FOR LONG LIFE 


An electric switch that uses radioactivity to prolong its life promises to save 
industry and the military countless thousands of dollars annually. 

The switch called a “nuclear current converter,” has been invented by 
John H. Coleman. The inventor explains that conventional switches use a 
moving conductor to alter the impedance between terminals or electrodes. The 
rotary switch has a limited life due to the abrasion between the moving contact 
brush and the fixed contact. It also may break down when dust particles lodge 
upon the contact surfaces. 

To overcome these costly disadvantages in presently used multipole switches, 
Mr. Coleman has designed a switch which does not require physical contacts 
to be made and broken to control circuits. He has provided a cylindrical shift 
containing a radioactive isotope, such as strontium-90. The isotope is insulated 
with stainless steel. This shaft can then be rotated within a surrounding shell of 
thin aluminum covered with a dielectric material such as polystyrene. Collecting 
electrodes are set outside the dielectric cylinder. 

In operation, the shaft is rotated either manually or by a motor so that the 
radiation from the strontium-90 is directed between the electrode cylinder and 
the respective collector electrodes. 

The electric current that then flows between these two electrodés results from 
one of three effects: the primary beta radiation, the induced conductivity and 
the induced space charge. 
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CALCULUS: A TRIGONOMETRIC PROCEDURE 


Joun J. AEBERLY 
Chief of Bureau of Heating, Ventilation and Industrial Sanitation, City of Chicago 


A symposium entitled, ‘‘What Is Our Atomic Future?”’ was broad- 
cast by the American Forum on Sunday, September 25, 1955. The 
discussion was carried on by John Jay Hopkins, Dr. W. F. Libby, and 
Congressman Melvin Price. This discussion drew attention to the fact 
that our country is urgently in need of men who are willing to devote 
their lives to scientific research, but that we have been unable to ob- 
tain even a very limited number due to an unwillingness on the part 
of the student to study mathematics. The three speakers all agreed 
that immediate and drastic action, approaching a ‘‘crash program,”’ 
must be undertaken and that the problem of training young people 
in mathematics has become a national emergency in which all com- 
petent authorities must participate. 

Subsequent to this broadcast the press throughout the country fea- 
tured articles describing the inadequacy of teaching methods as well 
as the inability of the schools to interest prospective graduates in 
mathematics. A number of these articles were a direct criticism of the 
faculties on both the college and the secondary level. 

In December, 1956, Dr. Karl Menger had the courage to discuss 
this problem frankly in an article entitled, “Why Johnny Hates 
Math,” published in the Mathematics Teacher. He pointed out many 
difficulties that both students and instructors encounter in teaching 
modern mathematics. The boldness of this article can best be empha- 
sized by auoting Dr. Menger, who stated, “‘the true cause of the dif- 
ficulties is the current symbolism and prevailing basic procedures in 
mathematics.... This frame of mathematics has been left un- 
touched for over a quarter of a millennium. Some parts of the founda- 
tion were frozen at about 1700 and have remained so ever since.”’ 

No one who is seriously considering this problem can disagree with 
Dr. Menger. A careful, detailed study of the application of the basic 
principles of mathematics to calculus points up the measures of ex- 
pediency which are utilized, but which do not have a logical founda- 
tion for their use. A typical example of this type of expediency is the 
introduction into the equation of values such as (Ax) and (Ay) with- 
out fully defining their significance, and the violation of many of the 
fundamental rules of mathematics in the use of these symbols. Such 
procedure may be entirely acceptable to a scientist proficiently 
trained in mathematics, as Dr. Menger pointed out, but few in- 
structors on the high school and college level are competent to con- 
vince the inquisitive student that this procedure is necessary, and 
when an attempt is made to clarify the situation, the student is fre- 
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quently left with great uncertainty even though he may reluctantly 
accept the explanation. 

The purpose of this article is to recommend a basic approach to 
calculus wherein all symbols and procedures are clearly defined and 
the use of these is kept consistent with our basic principles in mathe- 
matics. If this were done, the student would have a logical method of 
applying principles which are already firmly fixed in his mind, and 
calculus would be established as an extension of his former studies 
rather than as a new field with a peculiar set of rules. To this end, 
therefore, the definitions and discussion contained in this article will 
be presented as a continuation of our basic understanding in all 
branches of mathematics, and not as something new and apart from 
the four fundamental processes and the proper use of the equality 
sign. 

Calculus is the mathematical procedure which makes use of an- 
alytical and graphical methods for obtaining the rate of change of the 
dependent variable when the independent variable is used as a divisor 
as often as it is a factor of the dependent variable. For certain special 
reasons the results of this division process must be expressed as an 
instantaneous rate of change. Since the derivative involves all of the 
factors of the independent variable, it is axiomatic that the analytical 
processing of the equation is that of an identity. 

For purposes of simplification, a critical review of procedures in 
calculus must at all times clearly distinguish between our analytical 
or metaphysical and our graphical or physical methods. It is quite 
simple to formulate basic procedures and concepts in analytical meth- 
ods. These are addition, subtraction, multiplication, and division, 
and the concept of a balanced equation. The basic understandings in 
graphical or physical methods are at times quite difficult to present, 
since in this field, we frequently resort to measures of expediency 
wherein we violate the rules of the metaphysical system in order to 
demonstrate more quickly and clearly our views in applied mathe- 
matics. 

Little need be said about our basic analytical methods. They are 
simple, easily understood, and in general, give us little difficulty in 
application. The few instances where difficulty is encountered can be 
attributed to incorrect association of our graphical system with our 
analytical or number system. 

In the graphical methods an altogether different situation obtains. 
For example, in presenting a graphical explanation of our lines of 
reasoning as we attempt to approach zero, we have not been dealing 
with the equation as an identity except when it represents a straight 
line function. Instead, we have involved the dependent variable in 
relation to only a single value of the independent variable, and at 
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times, to a value of the independent variable that is not even con- 
tained in the original equation. 
A typical example is plotting an equation such as 


7 == x8 


The only time this equation is plotted as an equality is when (§) 
=(U)=(1). When (8) is evaluated in the number system from 
(n—~) to (—n—), the equation is seldom plotted as an identity. 
Invariably, (y) is plotted in relation to a single factor of (x) for the 
purpose of showing the geometrical progression. 

In other instances, as for example when plotting the equation 


y=log. x 


the variation in (x), a value not contained in the equation, is illu- 
strated in relation to corresponding changes in the value of (y). 

Because of these and other facts, it appears that the increments, 
(Ax) and (Ay), and the limits, (dx) and (dy), should be simply defined 
for use in our analytical procedures. After doing this we should re- 
evaluate our conventional graphical demonstration for obtaining the 
derivative. The facts are that the analytical procedure does not ap- 
proach the tangent to the curve gradually. Instead it is reached in 
steps depending upon the numerical value of (8). The instantaneous 
value is obtained by the use of (1/n—~) after the limiting tangent 
value is obtained. 

The basic methods and concepts used in calculus for obtaining the 
derivative are fundamental in trigonometry. The “theory of limits,” 
which deals with the increment of (x) approaching zero as a limit, 
should be used only when it is necessary to deal with infinitesimal 
quantities in the analytical processing of equations. When the need 
for infinitesimal values presents itself, both numerator and denom- 
inator of the tangent value expressed as 


sin 6 
cos 


must each be divided by the quantity (m) as (n—«). This principle 
of processing the numerator and the denominator by dividing or mul- 
tiplying each by equal quantities without changing the value of the 
ratio is generally accepted in mathematics. 

Another concept extensively used in trigonometry is to evaluate as 
unity the radii of all circles containing the inscribed right angle tri- 
angles. In calculus this practice is applied to the value of the inde- 
pendent variable (x) in processing the equation, y=f(x), to obtain 
the derivative 
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dy 
—=y)'(x)=tan 6 
dx 


Where it is necessary to present graphically the geometrical pro- 
gression, as for example between two assumed points on the curve, 
one to include the point of tangency, the assumed values of (x) are 
substituted in the equation to show the curvature. 

Now let us illustrate some of the statements made above, and as 
we process equations, we will define each factor consistent with the 
fundamentals in mathematics. 

(Ax) is one of the most confusing values used in calculus. Almost 
without exception, (Ax) processed to (dx) is not defined except to say 
that it is an increment of (x). When the student insists upon a sound 
definition of these values, he is told that these are symbols and is not 
informed that (Ax) and (dx) are obtained by one of two possible 
processes—subtraction or division. 

It must be definitely understood that whether we take the smallest 
conceivable part of the x-axis or the entire x-axis as the increment, it 
is a fractional part. Therefore the increment may be expressed as 

1 


Lim Ax=— <x 
z—0 @ n 


To demonstrate the logic of allowing the increment to approach 
zero by means of a division process, let us first make an analysis of 
the limiting positions obtained as a final result in the two processes of 
subtraction and division. If we use the subtraction process such as 


no device such as equating (x,—x) to (h) and indicating that (/) ap- 
proaches zero as a limit can prevent this value in an equation from 
reaching an absolute zero and giving us indeterminate values. As a 
consequence of subtraction all our equations are at zero and therefore 
have no significance. The division process, however, is quite a differ- 
ent situation. If we express the value (1/n x) as (1x/m), we can clearly 
understand that even though (m) is allowed to approach infinity, 
man can comprehend its magnitude because we have stated this 
value as one part of (x) divided into an infinite number of parts. Since 
a quantity cannot be reduced to zero by division, however large the 
denominator, a value such as (1 x/m) fulfills the purpose of the incre- 
ment in its approach to zero as is required in calculus. 

Another value which has confused both the instructor and the 
student is the symbol of the derivative at the limiting position as 
shown below: 
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dy 
—=f'(x)=tan 6 
dx 


We must realize that this expression (dy/dx) is a symbol as broad in 
meaning as the expression (tan 6), but unlike (tan @) it does not give a 
significant value because (dy/dx) signifies the limiting position of a 
secant value becoming coincident with a tangent value to the curve. 
As we know from the established definition of a straight line tangent 
to a curve, the point of tangency is the single contact between the 
straight line and the curve. Since a point on any line has neither mag- 
nitude nor direction, it would be impossible to associate (dy/dx) with 
a ratio other than one which has for its limiting position (0/0) which 
is indeterminate. 

In the discussion above it was noted that the tangent to the curve 
is not obtained by the infinitesimal approach to zero, but instead it 
is reached by dividing the dependent variable as often as (x) is con- 
tained therein. A demonstration of this division follows: 

Let y=2°, the general equation, and for simplicity, let 8=4. There- 
fore (x), the independent variable, appears in the equation four times. 
Although all four factors are equal, we shall use subscripts for this 
demonstration in order to indicate which factor is being divided. 


y= x! 
SX 


= 11° Xs 


X3° 


x 
Adding, 4 —=4y' — = 4y5(1") = 4x3 (Equation A) 
x 


The value (x/x) appearing in the second term of the above equa- 
tion has been changed in the third term to its equivalent value (1°). 
In the fourth term the (1) has been dropped in order to establish the 
conventional value of the derivative. The elimination of (1*) in the 
equation confuses both the student and the instructor in explaining 
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the process of differentiation. If, in the equation dy/dx=f'(x) =tan @, 
we substitute this last term (42°) for f’(x), we have an unbalanced 
equation since this value is not approaching zero as a limit. Instead, 
it is at that distance from the zero value where (x), the side adjacent 
to the angle (@), has the value of unity or (1). 

Substituting (8) for (4) in Equation A above, this equation may be 
expressed as follows: 


v x 
8 —=6x*"! (Equation B) 
x x 


To obtain the infinitesimal value of the terms in Equation B above, 
all of them must be multiplied by 


i ) 
oy 


and (7) must be allowed to approach infinity as a limit. 


1 1 


= = - - (1) =- 


dy 
Lim B = = — =f'(x) =tan 0 
(1/n)z—--0 1 dx 
- x 
n 

If, in place of (dy/dx), we introduce an expression such as 
and define (a2) as (1/n) and (a:) as (81/n) or (Baz), we 
can define this member of the equation for the derivative more 
explicitly and cease referring to (dy/dx) as a symbol. 

When carefully analyzed, the above procedures are processes of 
trigonometry wherein the side adjacent to the angle (@) is equal to 
unity or (1). For better understanding, the general equation should 
now be expressed as 


y=f(x)=# 
The derivative may be expressed as 


(140) = tan 6 


1 1 

v = tg 
n 

1 1 

n n n n 

1 
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and at the limit, when (><) it is stated as 


1 


dy 
=—=log, y — 
3 


The terms expressed in the above equation are the ratio of the side 
opposite to the side adjacent in a minutely small right angle triangle 
formed close to the apex of the angle (6). This apex lies at the inter- 
section of the (x) and (y) axes of the rectalinear system of coordinates. 

A careful study of the derivative shown above leads one to wonder 
what problems would be involved in obtaining the value of (log, y) 
in the various equations to be differentiated. This is especially true 
when we consider equations in which (y) is equal to the sum of terms 
such as the independent variable with numerical coefficients plus 
constants that are not associated with variables. There is a unique 
procedure which may be instituted to obtain the logarithmic frame- 
work of any equation. Then the original equation may be imposed 
upon this framework in order to obtain the differential equation and 
the subsequent derivative. 

In closing let us compare the value of the two increments commonly 
in use in modern conventional methods, (Ax) and (x,—<x), with the 
value of the increment recommended herein, namely (1x/m). Let us 
select an infinite series in which we may substitute these increments 
and note the effect upon the final result when they are permitted to 
approach zero as a limit. The infinite series (e), the base of the natural 
system of logarithms, serves as an excellent medium to illustrate 
this point. 


1 1 alm) 
Lim | 


m m 


= 2.71828— « (Equation #1) 
Lim e= (1+ Ax)!/47=(1+dx)"dx 


Ar—0 
= 2.71828 « (Equation #2) 


(z,-z) 
Let e=(1+0)!”° 
(Equation #3) 


1 1 
—x 
—=f"(x) = B-x8-1 —___ = tan 
1 1 
x —x 
= 
Lim e=(1+—) =] 1+(— 
m—> 2 m x/m 
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1 n/x 
Let mx=n e= (1 + — 


n 


1 n 
Let x= 1 -(14+—) 
n 


Since is approaching as a limit: 


1 
e= (1 + -) 
= 2.71828 (Equation #4) 


In the four equations shown above, #1 defines (e). Number 2 
shows (Ax) approaching (dx) as a limit, and it is assumed that this 
is a division process although modern conventional methods do not 
define it as such. Number 3, which is the difference quotient method, 
shows a unique attempt to withhold the absolute value of (#,:—-x) 
in its approach to zero by introducing (4). No known method in 
mathematics will prevent the absolute value of zero from entering 
the equation if (x,) is made equal to (x). Since (1) raised to any 
power is still (1), the correct value for (e) cannot be obtained with 
this type of increment. Number 4 shows that when (e) is equated to 


the expression 
1 n/z 
(1 +—x) 
n 


and (x) is equal to unity or (1), we have the identical expression used 
for defining (e) at the limiting position as shown in #1. 

The most interesting studies may be made when calculus is ac- 
cepted as a procedure in trigonometry. Trigonometry has been 
simplified tremendously by the use of the unit system and the 
fundamental equation, R*= R*sin’x+ R*cos*x when (R) is equal to 
unity or (1). 

When calculus is accepted as a procedure in trigonometry, the 
side adjacent to the angle (@) is (x), equal to unity or (1), and the 
side opposite the angle (@) is (y), also equal to unity or (1). Since 
these (x) and (y) values represent values in the rectalinear system 
of coordinates, they establish a point having the coordinates (1,1). 
It is this point which is common to all equations expressed as y= 2", 
and the curves of all such equations originate at the intersection of 
the (x) and (y) axes and pass through this point. A square may be 
drawn which is bounded by the (x) and (y) axes and the coordinate 
lines to this point. The diagonal line which bisects this square, passing 
through the zero point and the point having the coordinates (1,1), is 
the secant commonly used to show the approach te the limiting 
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position for obtaining the derivative in calculus. When this secant 
line becomes coincident with the line tangent to the curve, which 
also passes through the point (1,1), a right angle triangle is formed. 
This triangle has (@) as the angle under consideration and the side 
adjacent to this angle is the x-axis. 

We now have a triangle which can be used by the instructor, and 
clearly understood by the student, in describing the elements of 
tan (@), the value of the derivative, when expressed as sin 0/cos 9. 
These elements are obtained from this right angle triangle, and the 
apex of the angle (@) may easily be transferred by a simple analytical 
process to the only zero point in the rectalinear system of coordinates, 
namely, the intersection of the (x) and (y) axes. 

It is recommended that the suggestions contained herein be 
seriously considered. If they are followed, an entirely new and simpli- 
fied approach to calculus may be prepared for teaching with under- 
standing this most useful and interesting subject. 


U.S. SATELLITE WILL NOT RIVAL RED ONE 


When the U.S. earth satellite is launched, it will complement rather than 
rival its Russian counterpart. 

Because the two satellites will be following different orbits, each will be in a 
position to provide better data on specific studies than the other. 

The Red satellite now circling the planet earth is traveling the “Polar” 
orbit, a highly inclined orbit. The U.S. satellite, scheduled for launching this 
spring, will follow a much shallower orbit, almost ‘‘Equatorial.”’ 

This means that the Russian satellite is in a better position for cosmic ray 
studies because it crosses those latitudes where the change in cosmic ray in- 
tensity is greater. The Polar route also permits better research on the auroras or 
“northern lights,” because it cuts through the auroral regions. 

The U.S. satellite, on the other hand, will be in a far better position to pick 
up information for geodetic studies, such as the earth’s bulge. It also will provide 
more precise information of the earth’s magnetic field during its run around the 
earth than will the Red satellite. 

Both orbits provide equal opportunity for solar studies. 

The choice of orbits by both the Soviet Union and the United States was made 
more because of geographical reasons than other reasons. 

As long as the Russians wanted to fire their satellite from within Russia, they 
had to choose a highly inclined orbit. The orbit is always at least the latitude 
of the launching site. 

Planners for Operation Vanguard (the U.S. satellite program) had to be 
content with the Equatorial orbit when they decided on using Florida as their 
launching site. This decision was made primarily because Patrick Air Force 
Base at Cape Canaveral was fairly well equipped to do the job. 

In the very early stages of planning the orbit for the U.S. satellite there was 
some talk that an Equatorial orbit would be politically more feasible, although 
less scientifically feasible. It was suggested that a satellite traveling the Equa- 
torial route would be flying over territory where permission could be obtained 
with little or no difficulty. This consideration, however, did not figure heavily 
in the final decision. 
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BEGIN A STUDY OF CLASSIFICATION 
IN THE ELEMENTARY-GRADES 


ALPHORETTA FIsH 
Western Michigan University, Kalamazoo, Michigan 


A study of the basic units employed in classifying plants and ani- 
mals is, understandably, too complex for the elementary-school child. 
Nevertheless, the opportunity to develop a foundation for the future 
study of the topic should not be overlooked. 

Begin by emphasizing structure. Since structure is the basis of sci- 
entific classification, it is recommended here that science topics regu- 
larly included in the study of elementary-school science be directed 
to emphasize structure. For example, structure can be emphasized in 
a study of (1) adaptation of animals to the environment and (2) ani- 
mal likenesses and differences. Even the child in the primary grades 
can feel that insects have their skeleton on the outside; and they can 
see at the dinner table that fish and chicken, for example, have an 
internal skeleton with a backbone. The objective is merely to make 
the child aware that certain differences in structure do exist and that 
these differences are related to the ways in which animals are able to 
function in their environment. 

Next, build a background. Some basic understandings whith can 
be meaningfully developed are: 

1. Classification is an orderly arrangement into groups—members of each 

group having some common characteristics. 

2. Classification is a convenience, a necessity, a functional method and was 

devised as such. Classification, therefore, may be simple or complex. 

3. Scientists usually devise a system of classification which will be understood 

by all scientists everywhere. 

At the primary level, it is possible to illustrate the convenience and 
order that arises from grouping items into groups having common 
characteristics by considering those arrangements familiar to the 
young child—mother’s simple system of arranging her sewing mater- 
ials or the arrangement of groceries at the supermarket. Discuss 
whether anyone in the class has ever had the experience of shopping 
at a supermarket other than the one with which he has become fa- 
miliar. This discussion could lead to a consideration of the added con- 
venience of having supermarkets adopt a uniform system of arranging 
groceries. 

For students in grades four, five and six, the library affords an ex- 
cellent setting in which to expand these same concepts. It will be nec- 
essary to contact the librarian beforehand to plan the visit. Ask her 
to explain how the books are grouped and numbered, pointing up the 
fact that the closer the books are to one another on the shelf the 
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greater is the relationship of the contents. (While this understanding 
probably should not be related to the concepts of scientific classifica- 
tion, at this time, it establishes a background upon which to develop 
these concepts in the future.) Follow the library visitation with dis- 
cussion. Why are books arranged as they are? Compare the system of 
organization employed at the library with the system employed at a 
grocery or a hardware. How are the two systems similar? How do they 
differ? Which is the more complex? Extend this activity by having the 
students visit other libraries. How are books grouped in other li- 
braries? Of what advantage is a uniform system of classification? 

Help the child develop an understanding of why organization or 
classification is a necessary aspect of a scientific study of plants and 
animals simply by making him aware of the vast number and variety 
of living things that exist in his world. Field trips to a pond, an open 
field, a wooded area will reveal a host of interesting specimens, many 
of which can be brought into the classroom and grouped by the stu- 
dents into groups having common characteristics. Pictures, films, a 
trip to a zoo, a trip to a greenhouse will help acquaint the child with 
plant and animal life in other, more remote areas. A study of bacteria 
and protozoa will serve to make the child aware of the “invisible’’ 
living world. A study of algae, mold, fungi, coral, bladderwort, sun- 
dew will further develop the child’s understanding of the variety of 
life that exists in the air, in the soil, in the water, and on the earth’s 
surface. Point out that by adopting a uniform system of plant and 
animal classification which is understood by scientists everywhere, it 
is relatively easy to study and extend knowledge on a world-wide 
basis. For this reason scientists everywhere study and use a uniform 
system of classification which utilizes a uniform system of communi- 
cation—the Latin language. 

To illustrate how grouping can extend knowledge, set up a familiar 
situation wherein the students can visualize the possibilities of classi- 
fied information. For example, start with a name—Billy Jones. Is 
Billy Jones a boy, a girl, a racehorse? Reveal gradually the informa- 
tion that Billy Jones is grouped as ‘“‘male,”’ that he is grouped a_ be- 
longing to the ‘‘white’”’ race, that he falls into the “ten-year” age 
group. Discuss each bit of new information giving special notice to 
the fact that the more the groupings are extended the more detailed 
the picture becomes. For instance, when it has been revealed that 
Billy is a boy ten years old, he is pictured as a boy who goes to school— 
probably fourth or fifth grade—can read, write, spell and add. This 
activity can be carried further, of course. It may include such group- 
ings as height, weight, color of hair and eyes, number in family, 
amount of family income, city and state of Billy’s residence, etc. 

As the child’s understanding develops, give him lists, such as the 
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following, to group:' 


snakes cows dandelion codfish crayfish 
ferns cats grasshopper robin sharks 
monkey mice butterflies mackeral flies 
whale tree lizard moles oysters 
seal deer flatworm bears clams 
lion ants elephant turtle toad 
tiger bees lobster frog duck 
hawk bats chicken moss corn 
daisy coral mold dove eels 


This activity should send the child to references, should develop his 
scientific vocabulary, and should broaden his understanding of the 
structure of animals. 

The foregoing, ‘‘beginning,” activities were designed primarily to 
develop an understanding of the meaning of classification; for, in sci- 
ence, as in other subject-matter areas, meaning is an important aspect 
of the learning process! 


1 Suggested form for grouping: 
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ANIMAL 
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ROLE OF GRAFTED BONE IN REPAIRING DESCRIBED 


The role that a grafted bone from a “‘bone bank” plays in repairing a damaged 
bone has been described by scientists at the Atomic Energy Project of the 
University of California at Los Angeles. 

Using new techniques known as microautoradiography and microdensitom- 
etry, they have provided an answer to a question that has puzzled bone surgeons 
for some time. 

Use of bone preserved in a bone bank is now more common than use of fresh 
bone. Thus it is more important than ever to know how bone banks contribute 
to the success of bone graft operation. 

The UCLA study indicates that the grafted bone serves as a framework or 
“form” on which the body’s repair system lays down a cement foundation and 
deposits the new bone. This “form” is slowly absorbed over a long period of 
time. The grafted bone, by a process known as induction, awakens and stimu- 
lates the body’s own bone repair processes. 

Radioactively-tagged minerals in the bone graft enabled the researchers to 
trace elements used in the process. These minerals were absorbed by the blood- 
stream and deposited throughout the skeletal system of the host. 


EXACT LOCATION FOUND FOR ELECTRO-JET CURRENT 


The exact location of the electro-jet current, a globe-circling system of con- 
centrated electricity high in the atmosphere, has been found from the first 
records made of geomagnetism during the International Geophysical Year. 
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BUILDING THE SECONDARY SCHOOL 
MATHEMATICS LIBRARY 


Jack N. SPARKS AND KENNETH TAYLOR 
Leyden Community High School, Franklin Park, Illinois 


At Leyden Community High School we have had a workshop and 
continuing in-service education program for more than 15 years. For 
the past three years a part of that program has been concerned with 
curricular problems which have implications for direct, immediate 
improvement of instruction. 

In the school year of 1955-56, in connection with this program, we 
began to investigate the usefulness of the mathematics section of the 
library. The main concern at that time was with books for student 
reference. Although increasing numbers of reference books on the 
level of understanding of the high school pupil are being published, 
we found that these books had not become available to our teachers 
in sufficient numbers. We hoped that the use of such books would en- 
able teachers to vary not only the method of presentation, but also 
the content of courses. However, the use of reference books as sup- 
plements to regular textbooks can be made possible only when li- 
braries stock them in sufficient quantity for pupil reference. 

Reference books for students were not our only concern, however. 
We were then beginning to feel the pressures resulting from increased 
experimentation with integrated mathematics and the increased de- 
sire of the college people to include many of the concepts of the so- 
called modern mathematics in the secondary program. We felt that 
we needed not only to know more about these programs, but also 
more of the mathematics involved. One way of circulating these ideas 
among the entire mathematics staff is to build up the mathematics 
library—and that is the way we chose. 

Our library staff was more than willing to co-operate. As a matter 
of fact, we found that the main reason our selection was so small was 
because the librarians had not known of books to order. The Standard 
Catalog for High School Libraries, 7th edition,’ lists only 13 titles of 
mathematics books—about .3% of the total. Basic Book Collection 
for High Schools, 6th edition,’ lists only five titles, again about .3% 
of the total listing. These are the scurces from which most high 
school libraries build their collections. This meant that we had to find 
other sources if we were to make our library do what we wished it to 
do for us. 

A consideration of our needs led us to the conclusion that the fol- 
lowing types of books were needed: 


1 Standard Catalog for High School Libraries, 7th Ed. The H. W. Wilson Co., 1957, 948 p. 
2 Basic Book Collection for High Schools, 6th Ed. American Library Assn., 1957. 186 p. 
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. Books to help teachers 
a. Books to help plan classroom projects 
b. Books to help teachers grow professionally 
c. Books slanted directly toward improving instruction 
. Books on recreational aspects of mathematics 
. Books to serve as reference books in connection with regular course material 
. Books which could be used to help the gifted and the interested student 
who wished to study certain phases of mathematics more extensively than 
other pupils 


We next checked sources. One of the most obvious of these was the 
Mathematics Supplement to the Chicago Schools Journal, published in 
1954. We also checked with other standard bibliographic listings. 
Many of the books included in those listings were out of print, how- 
ever. Our best sources, then, became reviews in SCHOOL SCIENCE AND 
MATHEMATICS and The Mathematics Teacher and references found in 
mathematics books. 

To date we have selected more than 120 titles. The books listed 
and annotated below are representative of the books which we have 
found most useful for our purposes. Some of the old standards are 
not here because their usefulness is more generally known. A com- 
plete annotated bibliography of all our additions will be available 
from Leyden Community High School as long as our supply of copies 
lasts. 
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do. Narration touches on fields of mathematics with no attempt to be thorough, 
just to introduce. 

——. Men of Mathematics. New York: Simon and Schuster, 1937. 

A collection of biographies of the great men of mathematics. Vivid accounts 

that bring the lives of these men into the view of the senior high school reader. 
Boyer, Lee Emerson. Introduction to Mathematics; A Historical Development, 
New York: Henry Holt and Co., 1955. 
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Designed for elementary and secondary school teachers, this book indicates 
“the nature, significance and use of mathematics from early times to the pres- 
ent’”’ with emphasis on practical applications. 

CoURANT, RICHARD, AND ROBBINS, HERBERT. What is Mathematics? An Elemen- 
tary Approach to Ideas and Methods. New York: Oxford University Press, 
1941. 

Not overlooking the formal aspects, this approach includes applications 
and connections of mathematics with other fields. Chapters on number theory, 
number system, geometric constructions, axiomatics and geometrics, topology, 
functions and limits may be read separately. Only high school math is assumed. 

Cunpby, H. Martyn, AND RoLiett, A. P. Mathematical Models. New York: 
Oxford University Press, 1951. 

Models suitable for classroom or individual projects that illustrate abstract 
ideas in concrete form. Includes information on materials needed and the use 
of models. 

DeGraziA, JosEPH. Math Is Fun. New York: Emerson Books, 1954. 

196 puzzles, from elementary to intricate, including solutions. 

Dusiscu, Roy. Nature of Number; An Approach to Basic Ideas of Modern Mathe- 
matics. New York: Ronald Press Co., 1952. 

A discussion of the ideas behind modern mathematics which concern the 
scientist today. For the teacher or the advanced student. 

FREEMAN, MAE B., AND FREEMAN, IRA. Fun with Figures. New York: Random 
House, 1946. 

Simple explanations and experiments designed to develop understanding 
of the characteristics and uses of common geometric figures. Well illustrated. 

GARDNER, RANDOLPH Scott. Instruments for the Enrichment of Secondary School 
Mathematics. Bookstore, New York State College for Teachers, 1951. 

Each instrument is introduced by a historical study, followed by an ex- 
planation of mathematical theory and exercises. 

Hooper, ALFRED. Makers of Mathematics. New York: Random House, 1948. 

A short history of the men and ideas that formed the foundations of modern 
mathematics. 

HurFrF, DARRELL. How to Lie with Statistics. New York: W. W. Norton and Co., 
1954. 

A popular account and former best-seller for adults and students alike. 
Amusing, yet informative, about graphs, charts, and figures that can mislead. 

HUunTER, JAMES A. H. Fun with Figures. New York: Oxford University Press, 
1956. 

Hunter’s own collection of brainteasers and math puzzles, most of which 
are short and modern in nature. 

KASNER, EDWARD, AND NEWMAN, JAMES. Mathematics and the Imagination. 
New York: Simon and Schuster, 1940. 

A popular treatment of the important ideas of mathematics, ranging from 
the googol through geometrics to calculus. The style is interesting, with 
unusual and humorous illustrations. 

KEMNEY, JOHN G., SNELL, J. LAURIE, AND THOMPSON, GERALD L. Introduction 
to Finite Mathematics. Englewood Cliffs: Prentice-Hall, 1957. 

Designed to introduce advanced math students to some concepts in modern 
mathematics, with applications to the biological and social sciences. At least 
three years of math required. Valuable for teachers of secondary mathematics. 

KriEty, EpmMonp R. Surveying Instruments; Their History and Classroom Use. 
New York: Columbia University Press, 1947. 

A complete history with practical exercises in outdoor measurement. 

KRAMER, EpNA E. The Mainstream of Mathematics. New York: Oxford Univer- 
sity Press, 1951. 

Written in a narrative style and on a popular level, the mathematics, 
however, is valid and useful. The heavier concentration is on concepts of 
modern mathematics. 
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LIEBER, LiLLian R. The Education of T. C. Mits. New York: W. W. Norton 
and Co., 1942. 

What modern mathematics means to you. In a humorous style Lieber 
takes the mystery from these matters. The best-known of Lieber’s many. 

- . Mits, Wits, and Logic. New York: Galois Institute Press, 1947. 

Formal logic in an informal style. How its study can be improved by the 
introduction of Boolean algebra, the algebra of sets and classes. 

— . Take A Number. New York: Ronald Press Co., 1946. 

Good reading for the general mathematics student. Written and illustrated 
in the Lieber style, it answers the perennial question, ‘“‘Why study mathe- 
matics?” 

McKay, HERBERT. Odd Numbers. New York: Macmillan Co., 1943. 

Uses “straightforward arithmetical processes, the simplest trigonometrical 
ratios, and a little elementary algebra” to present an amazing array of prob- 
lem solutions. The student who has had a year of high school mathematics 
can enjoy this book. 

MEYER, JEROME S. Fun with Mathematics. New York: World Publishing Co., 
1952. 

Easy to read explanations with illustrations drawn from common experience 
of fundamental mathematical principles, such as numbers, powers, logarithms. 
Includes a chapter on making a good slide rule with an ordinary ruler. Good 
for the young reader. 

NEWMAN, JAMES R. (ed.). The World of Mathematics; A Small Library of the 
Literature of Mathematics from A’h-mosé the Scribe to Albert Einstein... 4 
vols. New York: Simon and Schuster, 1956. 

A compendium of mathematics in all its aspects. Numerous selections 
illuminate mathematics in its relation to its history and the world cultures 
to “‘pure thought” to the physical, biological and social] sciences to technology 
and art. Comments and essays of the editor furnish a unifying thread to this 
four volume work. A recommended purchase for the larger school library. 

NATIONAL COUNCIL OF TEACHERS OF MATHEMATICS. Emerging Practices in 
Mathematics. Washington: The Council, 1954. 

Five parts: Various provisions for differentiated mathematics program; 
laboratory teaching in mathematics; teacher education; new emphases in 
subject matter; evaluation of mathematical education. 

. Insights into Modern Mathematics. Washington: The Council, 1957. 

Provides an introduction into several areas of modern mathematics for 
teachers of secondary mathematics who have had no opportunity to become 
acquainted with these developments. 

NortTuHROP, EvGENE P. Riddles in Mathematics; A Book of Paradoxes. Princeton: 
D. Van Nostrand Co., 1944. 

“Devoted exclusively to some of the paradoxes which mathematicians, 
both amateur and professional, have found disconcerting.” Popular treatment. 

Ocitvy, C. STANLEY. Through the Mathescope. New York: Oxford University 
Press, 1956. 

Popular discussion of selected topics concerning number theory, algebra, 
geometry, and analysis for the advanced student. 

Potya, G. How to Solve It; A New Aspect of Mathematical Method. Princeton: 
Princeton University Press, 1945. 

Methods of solution useful to teachers of mathematics and anyone else 
“concerned with the ways and means of invention and discovery.”’ May be 
difficult for most high school students. 

RADEMACHER, HANs, AND ToEPLitz, Otto. The Enjoyment of Mathematics; 
Selections from Mathematics for the Amateur. Princeton: Princeton University 
Press, 1957. 

Intended to extend the enjoyment of mathematics from those who are 
gifted to all who will take the time. Only a year of algebra and one of geometry 
will be needed for background. 
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Reip, Constance. From Zero to Infinity; What Makes Numbers Interesting. 
New York: Thomas Y, Crowell Co., 1955. 

A popular discussion in which a chapter is devoted to each of the numbers, 
ee 9, and infinity. History, number theory, and recreations are well 
blended. 

SHACKLE, G. L. S. Mathematics at the Fireside; Some Fundamentals Presented to 
Children. New York: Cambridge University Press, 1952. 

For the young, the conversational approach informally covers the develop- 
ment of the number concept and some of the elemental ideas of analytical 
geometry, the calculus, and algebra. 

STEINHAUS, Huco. Mathematical Snapshots. New York: Oxford University 
Press, 1950. 

Problems and tricks in mathematics, wonderfully and clearly illustrated 

and prepared for the reader with only a year of high school algebra. 


HETEROGENEOUS IDEAS FOR INTERESTING 
DISCUSSION, IV 


JuLtus SUMNER MILLER 
El Camino College, El Camino College, California 


1. Why, when catching a fast ball, does one draw back his hand? 

2. Consider a lens whose surfaces have different curvature (e.g., 
a meniscus lens or a plano-convex lens). Does this lens have the same 
focal length for light incident from either side? 

3. Consider a plano-convex lens. The light can be incident on the 
face of radius R or on the plane surface (R infinite). For which case is 
the spherical aberration the less? 

4. If the Earth had no atmosphere the day would be about 4 min- 
utes shorter. Show this. 

5. If one views a transparent medium nearly vertically (as, say, a 
tank of water) the apparent depth is easily shown to be 1/mth the real 
depth, where m is the index of refraction. Thus, a pool of water looks 
to be only 3/4 as deep as it really is. Consider now two transparent 
media, one atop the other, as, say, a depth of water on a glass plate 
or a layer of ether on water. Is the apparent depth (total) the sum of 
the apparent depths seen singly? 

6. Consider a sphere of cork 5 feet in diameter. Could you lift it? 


HOW SEALS DIVE HELPS JET SCIENTISTS 


Wild seals are being used by a team of research scientists from the London 
Hospital Medical College to help pilots to withstand intense pressures in super- 
sonic planes. 

The scientists go the lonely shores of the Wash, on the east coast of England 
where seals abound. They are finding how the seals can dive to a depth of 300 
feet without damaging their lungs. 

They have amazing lungs and if more can be found out about them and their 
breathing it will help pilots and other people who are subjected to intense 
pressures, such as men escaping from submarines. 
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A SENSITIVE DEMONSTRATION GALVANOMETER 
FOR THE SCIENCE CLASSROOM 


LAWRENCE J. DELANEY 
Cheltenham High School, Elkins Park, Pennsylvania 


INTRODUCTION 


This report describes a reflecting type galvanometer system which 
has been inexpensively assembled and used for a wide variety of dem- 
onstrations in the Cheltenham High School physics classroom in the 
last year. 

Although the reflecting type galvanometer system is rarely found 
as a demonstration tool in high school science, it has the following 
advantages over the more commonly used pointer type instrument: 

1. It is more sensitive; thereby permitting the detection of smaller values 
of voltage such as are produced by the thermoelectric and photoelectric 
effects. 

. It can be used with a much larger scale. This is important since demon- 
strations lose much of their effect when they are not plainly visible to 
everyone in the class. It’is particularly important that demonstrations for 
high school students be on as large a scale as possible. 

3. The reflecting type galvanometer, itself, is less expensive than most pointer 
type galvanometers. The scale and light source, needed for the reflecting 
galvanometer system, can be made up or supplied from already existing 
science supplies. 

. Industry and research use the reflecting type galvanometer for many 
purposes. The science student should become familiar with its operation. 


DESCRIPTION OF EQUIPMENT 


The equipment includes: 


a. A reflecting type wall galvanometer 

b. A light source 

c. A scale 

d. A switch with incorporated resistances 


The scale consists of a piece of cardboard out of which an 8 cm. 
100 cm. hole has been cut. Tissue paper is glued to the cardboard 
so as to cover the open area. Light striking one side of the tissue paper 
can be plainly seen on the other side in a well lighted room. The scale 
is supported between two thin strips of wood. 

The light source is a 6.3 volt, 50 candle power “auto headlamp” 
type bulb contained in a lamp housing with an adjustable condensing 
lens. An inexpensive filament transformer, such as used in radio 
work, is used to provide the proper voltage for this light source. 
Many of the point light sources ordinarily found as part of the physics 
demonstration equipment are satisfactory substitutes for the light 
source described above. 

The galvanometer, shown in the accompanying diagram, is basi- 
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cally a Leeds and Northrup ballistic galvanometer, but most reflecting 
type galvanometers can be satisfactorily used. The casing was 
obtained from “salvage.’’ The coil, lens, and suspensions are rela- 
tively inexpensive and were purchased. Lenses of various focal 
lengths, in multiples of one meter, can be obtained for use in the 
galvanometer. The selection depends on the distance between light 
source and galvanometer. In the arrangement shown in the photo- 
graphs the light source and scale were most conveniently located at 
one meter from the galvanometer, hence a one meter lens was used. 
The galvanometer is preferably located above the blackboard on a 
solid wall so as to be subjected to as little vibration as possible. 

In order to provide overload protection and greater range for the 
galvanometer a resistance selector switch is used in series with the 
coil. This switch has five positions: open, 50,000 ohms, 30,000 ohms, 
10,000 ohms, and short. The switch is attached to an inside surface 
of the demonstration table, accessible only to the teacher, and is left 
in the open position when not in use. These precautions are necessary 
since the galvanometer coil can be easily burned out by any sizeable 


Wiring Diagram for Demonstration Galvanometer 


galvanometer 
on wall above 
blackboard 
a— test leads terminat 
in alligator clips me e+ fine insulated 
copper wire 


concealed along 
edge of blackboard 


resistance selector 
switch mounted on 
the demonstration 
table: 

pos.l- open 

pos.2- 50,000 ohms 
pos.3- 30,000 ohms 
pos.4- 10,000 ohms 
pos.5- short 


wires under molding 
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overload. The “‘short’’ position is used only for the very smallest 
range of currents. The value «: resistance used for each of the other 
switch positions depends on several factors: coil resistance of gal- 
vanometer, and critical damping resistance of the galvanometer, and 
the range of voltages that the user desires to deal with. The gal- 
vanometer described in this report has a coil resistance of 2,000 ohms 
and an external critical damping resistance of 10,000 ohms. A 10,000 
ohm resistor is used in the third switch position. This permits critical 
damping of the coil movement, for quick readings, and allows the 
instrument to handle six times more voltage than in the “short” 
position. In order to extend the range of the instrument still further, 
the last two switch positions contain 30,000 and 50,000 ohm resistors, 
respectively. 


SoME DEMONSTRATIONS 
A. Heat 
1. Demonstration thermocouple 


constantan 


twist or 


weld weld 


to test leads 


Various combinations of wire may be used. Copper-constantan and 
iron-constantan produce comparatively large potentials for small tem- 
perature differences at the junctions. By touching one of the junctions 
with the fingers enough voltage is produced to cause a scale deflection 
of several inches when the 10,000 ohm series resistance is in the cir- 
cuit. The scale can be calibrated against a thermometer thereby mak- 
ing the apparatus a device for measuring temperature. If accurate 
temperature measurements are to be made, the reference junction 
should be held at a fixed temperature. This is best accomplished by 
placing it in an ice bath. A “lunch-box”’ type thermos bottle can be 
used to hold the cracked ice and water. Many heat demonstrations 
lose much of their effect because the thermometer scale cannot be 
clearly seen by the entire class. The thermocouple arrangement, 
used in conjunction with the galvanometer, scale, and light source, 
acts as a thermometer with a one meter scale face which is visible to 
everyone in the room. It is very convenient to use for heat demon- 
strations such as the following: 


a. Demonstrate that compression is a heating process by operating a bicycle 
tire pump with a thermojunction taped to the barrel. 
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. The heat of solution may be demonstrated by dissolving “hypo” in water. 
Cooling results, as indicated by the thermocouple. 

. The boiling temperature of solutions of solids is higher than that of pure 
water. This can be easily demonstrated by pure water and salt solution in 
separate beakers and using the thermocouple to show the difference of 
temperature that exists. 

. The rise in temperature due to heat generated by friction can be demon- 
strated by taping a thermojunction to a metal surface, such as a piece of 
lead or iron, and pounding the metal with a hammer. 

. The loss of heat, by radiation, from a rough surface can be demonstrated 
as follows: Two cans, one smooth and the other covered with rough paper, 
are filled with hot water. The temperature of the water should be about 
the same in both. cans as indicated by the thermocouple. At the end of the 
class-period the thermocouple will indicate that the water in the paper 
covered can is cooler than the water in the shiny can. 

. The thermocouple can be used as a hygrometer by keeping one junction 
wet with a wick, and the other junction dry. The relative humidity can 
be determined by referring to the usual charts. 


B. Electricity 


There are many demonstrations in electricity which require a gal- 
vanometer. Several typical ones are as follows: 

1. Connect a coil of wire to the galvanometer and pass a bar mag- 
net through the coil. The deflection will change direction as the 
direction of motion of the magnet changes. This demonstration 
is basic in teaching generator action. 

. The photoelectric effect can be demonstrated by focusing a light 
source on a photoelectric surface, such as a phototube, and using 
the galvanometer to detect the current produced. By using a 
suitable photoelectric tube, the galvanometer system can be 
used as a light meter. 

More advanced demonstrations such as the measurement of ca- 
pacity, inductance, and magnetic flux can be done with the galva- 
nometer system described in this report. Industries often use the re- 
flecting type galvanometer as a “null-indicator” in potentiometers 
for accurate measurements of small voltages and in various types of 
resistance bridges such as the Wheatstone and Kelvin Bridges for the 
accurate measurements of small resistances. These applications can 
also be demonstrated with the instrument described in this report. 

It is hoped, however, that high school science teachers in physics, 
chemistry, senior-science, general science, and radio-electricity clubs 
will find it primarily useful in demonstrating the more elementary 
principles in science. 


BELL LABS AND N.Y.U. TO ESTABLISH GRADUATE FACILITY 


Bell Telephone Laboratories and New York University are establishing a 
graduate facility adjacent to Bell’s Murray Hill (N. J.) Research Laboratory. 
Bell will build the classrooms and faculty offices, will allow certain of its em- 
ployees to attend courses on company time, and will pay all costs of instruction. 
New York University will operate the facility and supply the faculty. 
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SHORT TESTS IN MATHEMATICS 


R. F. GRAESSER 
University of Arizona, Tucson, Arizona 


An instructor met one of his students who had failed in the previous 
semester and asked how the student was progressing with his repeti- 
tion of the course. ‘‘Fine,’’ replied the student. “I have a system for 
passing analytic geometry.’ Naturally curious, the instructor in- 
quired what the system might be. “It is get your lesson every day,” 
replied the student. All mathematics teachers appreciate the efficacy 
of this system, but, alas, all students do not. Any way in which the 
teacher can encourage his students in the use of this system is desir- 
able. Of course, inspiring students with a deep interest in the sub- 
ject is the best way if this is possible, but other ways also may be 
helpful. One of these is the use of short, daily, or at least very fre- 
quent, written tests. Such a test may be anywhere from five to fifteen 
minutes in length. It may be given either at the beginning or end of 
the class period. Ordinarily it should cover material already discussed 
in class so that the students will have had opportunity to clarify their 
difficulties. It may, however, be given at the beginning of the class 
period and be about something in the day’s lesson ‘concerning which 
the students could not have had difficulty. Besides encouraging the 
students to make regular, daily preparation, short tests seem to have 
other advantages. 

They are a great saving in time if they replace oral recitation. If 
the instructor asks each student a question, he uses a great deal of 
time, and his questions must be of varying quality and difficulty. In 
a short written test he can ask his best question of all students simul- 
taneously. To mark a short test of one question requires less than one 
fifth the time required to mark a test of five questions. Some in- 
structors may disagree with this, but short tests are usually very 
quickly marked and recorded. They may even be marked by the stu- 
dents themselves after exchanging papers. The instructor can then 
give the papers a quick inspection as he records the marks. Frequent 
short tests keep an instructor in constant contact with his class. He 
can not do his best teaching without a knowledge of what his students 
know and where their difficulties lie. ’ 

We learn by constantly trying, making mistakes, being corrected, 
and trying again. This process is facilitated by frequent short tests, 
which may also serve to correct students’ errors before these become 
habitual. Such tests may also aid the student who is unable to test 
himself. If many short tests are given, fewer hour tests are needed. 
More time may thus be available for the real business of teaching. 
Variety in methods of testing seems desirable, and short tests supply 
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another method of testing. Of course, they should not be the only 
method of testing. If “teaching is more than telling,” they also furnish 
another method of class participation. This is particularly desirable 
with the larger classes, which seem likely in the future. Short tests 
are more reliable than daily papers because they represent the stu- 
dents’ own, unaided work. Student acceptance of these tests seems 
generally good. Since short tests usually cover material studied in the 
last few days, they should encourage frequent review. If many short 
tests are given, they may lead to larger and more random, and hence 
better, samples of students’ knowledge. Perhaps the reader can supply 
other advantages, or disadvantages. 


REFERENCES 


HASSLER AND SmitH, The Teaching of Secondary Mathematics, The Macmillan 
Company, N. Y. 1930, p. 153 ff. 

BLAISDELL, WALTER H., “‘Daily Testing,” The Mathematics Teacher, v. 26, no. 
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DISCOVERY OF FOOD ADDITIVES KEEPS 
FATS AND OILS FRESH 

A long list of foodstuffs now can be kept from spoiling through the discovery 
of chemical additives that stabilize animal and vegetable fats and oils. 

Animal and vegetable fats and oils are normally subject during storage to 
oxidative deterioration, which results in off-flavors and odors that make them 
less salable. This is also true of drugs and cosmetics in which the fats and oils 
have been used. 

Now it has been discovered that small amounts of reductones added to fats 
and oils greatly increase their ability to hold up against oxidative deterioration. 
This is particularly true of glyceride oils, such as cottonseed, soybean and corn 
oil. The reductones found to offer this protection are amino-glycose-reductones 

_and anhydro-amino-glycose reductones. 

The Government scientists state that in addition to the raw oils, the reduc- 
tones prevent oxidative spoilage in such fatty foods as margarine, cocoa, bacon, 
fish, soups, sandwich spreads, peanut butter, ice cream, potato chips and dough- 
nuts. They are also useful in preserving essential oils in preserved fruits, candies, 
chewing gum, liquid or capsule vitamins, perfumes, shampoos, paper for food 
wrapping, gasoline and lubricating oils. 


STUDY SCIENCE IN HISTORY CLASSES, SCHOOLS URGED 

Science should be included in history, government and other social science 
classes, teachers were advised in a study by the National Council for Social 
Studies, a department of the National Education Association. 

If discoveries and inventions of this technological age are overlooked, it is 
charged that social studies courses will ignore today’s students who are excited 
about aviation, electronics, medicine and other important fields of science and 
technology. 

A start in integrating science and social subjects can be made, the report 
states, ‘by recognizing the central role of science and technology in making 
our social institutions what they are today.” 
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ON THE GRAPHIC REPRESENTATION OF 
SUMS OF SQUARES* 


SAMUEL I. Askovitz, M.D. 
School of Medicine, University of Pennsylvania 
Philadelphia 4, Pennsylvania 
INTRODUCTION 


Statistics students with limited mathematical background often 
experience difficulty in understanding the formulas pertaining to 
standard deviations. Two articles describing diagrammatic repre- 
sentations of sums of squares were published not long ago.'? The 
advantages of this method as a teaching aid were pointed out, em- 
phasizing applications to variance analysis. However, it may be of 
additional interest to show that not only can the pictorial method be 
of value in visualizing the sums of squared deviations, but the dia- 
grams themselves have been found also to provide a satisfactory 
proof for the basic algebraic formulas. 

The fundamental equation may be found in almost any textbook 
devoted to elementary statistics. Assuming a set of NV quantities x; 
with an arithmetical mean equal to m and individual deviations d; 
from the mean, the relationship is: 


— 


A consideration of the squares x,? represented graphically will show 
that their total area is always larger than the sum of V squares each 
equal to m®, and that the excess is exactly equivalent to the sum of 
the deviations squared. It is assumed that the x; are non-negative and 
not all equal to each other. 


ILLUSTRATION 


The reasoning can perhaps best be understood by an illustrative 
numerical example. Let us take the four values x;=15, x2=6, x3=12, 
and x;=7, and draw the corresponding squares side by side on a com- 
mon base line (Fig. 1A). The sum of the areas of these four squares 
will be compared with the sum of four equal squares, each having a 
side equal to the arithmetical mean, 10, of the four x; (Fig. 1F). 

Referring to the diagram, each square having a side greater than 
10 will provide a surplus rectangle above the horizontal dotted line. 


* From the Department of Therapeutic Research, School of Medicine (Room 854 Gates Memorial Pavilion). 
This work was supported in part by grant H-625 (C-6 from the National Heart Institute of the National Insti- 
tutes of Health, United States Public Health Service. 

! Li, C. C. “A Diagrammatic Representation of the Sum of Squares and Products,’’ Journal of the American 
Statistical Association, 50, pp. 1056-63, December, 1955, 

* Barnes, B. A., Pearson, E. and Reiss, E. ‘The Analysis of Variance: A Graphical Representation of a Statis- 
tical Concept,” Jowrnal of the American Statistical Association, 50, pp. 1064-72, December, 1955. 
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Fic. 1. Graphic demonstration of the equation 2x«?—Nm’= Xd?, for the 
example x,=15, x3=12, x4=7. 

A. The squares of the x;, with horizontal dotted line at height m= z= 10. 

B. The separate excess rectangles 

C. The combined “rectangle of excesses” 

D. The combined rectangle partitioned to fill in the deficits 

E. The rearranged areas, showing the surplus smaller squares d,? above 

F. The squares m*, when all the sides are equal to the mean value. 

Each surplus portion may be divided by a vertical line (located where 
the horizontal dotted line would be intersected by the diagonal of the 
square) into a square, having as side the actual excess of the indi- 
vidual x-value above the mean, and a rectangle with the mean value 
as base and the excess as height. 

All of the excess rectangles are now collected together separately 
and placed one on top of another (Fig. 1B), to form a single rectangle 
having as base the mean value m and as height the sum of all the ex- 
cesses above the mean (Fig. 1C). Now let us consider dividing this 
combined excess rectangle in order to fill in the deficits left by the 
individual x-values which are below the mean. Almost from the very 
definition of an arithmetical mean, the sum of the excesses above the 
mean is equal to the sum of the deficits below the mean. Therefore, 
the height of the rectangle may be re-divided into sub-components, 
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each equal to the deficit of some x-value below the mean (Fig. 1D). 

Having divided up the “rectangle of excesses’’ into strips suitable 
for filling in the deficits, it is seen that each strip provides more than 
enough to fill in the designated deficit area, and indeed the amount 
remaining will always be a square having as its side exactly the 
amount in deficit (Fig. 1E). 

Thus it is seen that in starting with the original squares and at- 
tempting to transform them, without change in area, into the ar- 
rangement of equal squares, we are left with an excess of small 
squares, with sides equal to the deviations from the mean, whether 
in excess or deficit. This constitutes the essential argument of the 
geometric proof. 

GENERAL 

For the better students, the reasoning above can be extended with- 
out difficulty to the more general case, although the result is perhaps 
of more value as an exercise in notation than as a replacement for the 
customary algebraic derivation. 

Let us assume that the V quantities are classified according to size 
and then relabeled as follows. Suppose that there are p quantities 
Vi, larger than the mean value m, with respective 
excesses of ¢;; g quantities exactly equal to the mean value m; and r 
quantities Z2,..., which fall below the mean, with 
deficits equal to f,. From the definition of the mean, the algebraic 
sum of all the deviations is equal to zero, and therefore )-e;=)_ fi. 

The graphic argument is then the counterpart of the algebraic 
equations below. In each product, the first symbol represents a hori- 
zontal dimension and the second term stands for a vertical length. 

yj(m+e;) 
= yimt+ 
= yjm+(m+e))e; 
= yym+me;+ e;* 
mre; 
=mrfi 
= 
= 


= 


70 SCHOOL SCIENCE AND MATHEMATICS 


By combining these results, we have 


Lyi? + = (Ly;)m+ + + Tz" 
= + Ze;* 
= (Lyj+ Le? + (4) 


Adding in any of the original quantities which might happen to be 
exactly equal to the mean, we have ae 


wrk 


= (Ey;+qm+ re? + 
= (Lx,;)m+ 
= (Vm)m+ (x;—m)?, or 


9 


— Nm? = 


A UNIVERSAL CENTER FOR 
MOLECULAR MODELS 


GEORGE K. Estok 
Dept. of Chemistry and Chemical Engineering, Texas Technological 
College, Lubbock, Texas 
Interest in molecular models for illustrating structural chemistry 
is currently quite high. The universal center for molecular models 
which is here illustrated has a flexibility of use and simplicity of oper- 
ation that should make it very suitable for instructional purposes. 


Fic. 1. Octahedron. Fic. 2. Trigonal Bipyramid. 


ye P 


MOLECULAR MODELS 


Fic. 3. Tetrahedron. 


The central atom is represented by a hollow iron sphere to which 
the various other atoms or groups may be attached by means of mag- 
nets imbedded in their bodies. The sphere in this case was constructed 
by brazing together the soft iron hemispheres of two small sand baths. 
The white balls are polystyrene foam balls (styrofoam). 


The photographs illustrate three typical models; various others 
may be very easily arranged as desired. 


HEART CASES HELPED BY “BALLOON” X-RAY METHOD 


More heart attack victims may be restored to health by a new “balloon” 
technique. 

The X-ray method is used to locate blood clots that are plugging up the 
coronary arteries so heart surgeons can see exactly where they are and remove 
them. 

The method, called occlusion aortography, makes it possible to fill the coronary 
arteries with a dye that shows up white in an X-ray picture. 

A small rubber tube with a balloon built into its tip is pushed into the heart 
through a vein and then sent on up into the aorta, the main artery leaving 
the heart. 

The balloon is quickly inflated, stopping the blood flow in the artery momen- 
tarily while the dye is injected downward toward the heart. The dye immediately 
floods the coronary arteries that begin at the base of the aorta and the X-ray 
is taken. 

Other methods to get dye in the coronary arteries have been tried, but none 
have been too successful. 

If the dye is injected directly into the heart or blood stream, it is diluted too 
fast and not enough of it reaches the coronary arteries to make them visible. 

Another problem with older techniques is that the dye itself is harmful in too 
great a quantity. With the new method, less dye is needed. Also dyes of less 
strength can be used. 

Tests of the balloon technique have begun on humans and so far the results 
have been highly promising. 
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PROBLEM DEPARTMENT 


CONDUCTED BY MARGARET F. WILLERDING 
San Diego State College, San Diego, Calif. 


This department aims to provide problems of varying degrees of difficulty which 
will interest anyone engaged in the study of mathematics. 

All readers are invited to propose problems and to solve problems here proposed. 
Drawings to illustrate the problems should be well done in India ink. Problems and 
solutions will be credited to their authors. Each solution or proposed problem sent 
the Editor should have the author’s name introducing the problem or solution 
as on the following pages. 

The editor of the Department desires to serve his readers by making it interesting 
and helpful to them. Address suggestions and problems to Margaret F. Willerding, 
San Diego State College, San Diego, Calif. 


SOLUTIONS AND PROBLEMS 


Note. Persons sending in solutions and submitting problems for solutions 
should observe the following instructions. 

1. Solutions should be in typed form, double spaced. 

2. Drawings in India ink should be on a separate page from the solution. 

3. Give the solution to the problem which you propose if you have one and 
also the source and any known references to it. 

4. In general when several solutions are correct, the one submitted in the 
best form will be used. 


LATE SOLUTIONS 


2569, 2571, 2572, 2574, 2575. C. W. Trigg, Los Angeles, Calif. 


2581. Proposed by J. H. Means, Austin, Texas. 


It has been proved that a rational number x between 0 and 1 may be repre- 
sented uniquely in the form 


x=4;/2!+a2/3!+ an/(n+1)! 
where 
Osa<k for k 2,3,---n. 
Example: 
2/3=1/2!+-1/3! 
Write 3/7 in the form given above. 
Solution by Howard D. Grossman, New York, N. Y. 
1 2 4 
7 6 24 720 5040 
To express any ~:/q: in this form, take the largest nonnegative integer a; 
such that 


then the largest nonnegative integer a2 such that 
qe 3! 
etc. Continue until 
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A solution was also offered by T. C. Smith, Austin, Texas. 


2582. Proposed by the Plane Geometry Class of Benjamin Russell High School, 
Alexander City, Ala. 


If AM is a median of triangle A BC, prove that AM is less than (AC+AB)/2. 
Solution by Leon Bankoff, Los Angeles, Calif. 


A 


8B 


Extend AM to D so that MD=AM. 

Draw BD,DC. 

Since diagonals AD, BC bisect each other, ABDC is a parallelogram. Hence 
BD=AC, 

In triangle ABD, AD <(AB+BD). 

So 2AM <(AB+AC), or AM <(AB+AC)/2. 

The same configuration can be used to show that AM >(AC—AB)/2. 

Solutions were also submitted by S. J. Brooks, Ovid, N. Y.; Washington 
Conn, Gettysburg, Va.; O. N. Duesler, Romulus, N. Y.; G. M. Eddington, Los 
Angeles, Calif.; B. Greenberg, New York, N. Y.; Grace Handy, Syracuse, N. Y.; 
Felix John, Philadelphia, Pa.; C. Shepley, Minneapolis, Minn.; T. C. Smith, 
Austin, Texas; C. W. Trigg, Los Angeles, Calif. 


2583. No solution has been offered. 
2584. No solulion has been offered. 


2585. Proposed by C. B. Menning, Holland, Mich. 


Assuming a spherical Earth, at what latitudes would a plumb line be max- 
imumly deviated from true “plumb” due to the rotation of the Earth. 

Taking a somewhat analytical approach, it can be seen that there are two 
forces involved. One due to the gravitational attraction between Earth and 
plum, the other due to the centrifugal force due to rotation. It can also be seen 
that the deviation depends upon the angle at which the two vector forces are 
acting and the magnitude of the vectors. Taking three appropriate locations 
on the Earth it can be seen that the centrifugal force vector varies with the 
Cosine of the angle of latitude and that the angle of action of the vectors is the 
same as the angle of latitude, the magnitude of the gravitational vector remain- 
ing constant. Thus it would appear that: 


Dev. varies with sin X¥ cos X 


where X is the latitude. This would mean that there is no deviation at the poles 
nor at the equator. This can be seen to be true. Thus: 
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Solution by the proposer 


Dev.=K sin X cos X 


where K is a constant differentiating 
d(Dev.) 
———-=-K sin X sin X+K cos X cos X 
dX 
equating to O 
O=—K sin? X¥+K cos? X 
K sin? X=K cos? X 
X =45° 
Thus maximum deviation occurs at latitudes 45° North and South. 
2586. Proposed by Cecil B. Read, Wichita, Kansas. 


Solve: 
x+y=2b (1) 


xt+-y'= 254 (2) 
Solution by C. W. Trigg, Los Angeles City College 
From (1), y=2b— x. Substituting this value of y in (2) and simplifying, we 


have 
0. 


0. 
Hence the four solutions are 
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(b, 6), (b, 6), (b[1+./—6], 


Solutions were also submitted by Neille Bly, Macedon, N.Y.; Mrs. B. C. 
Coleman, Townsendville, N.Y.; Glenn M. Eddington, Los Angeles, Calif.; 
A. Faber, New Orleans, La.; Mrs. M. Fry, McDuffeetown, N.Y.; Benjamin 
Greenberg, New York, N.Y.; Felix John, Philadelphia, Pa.; Bessie Lucas, Earl- 
ville, N.Y.; Walter R. Warne, St. Petersburg, Fla.; Fitch Williamson, East 
Romulus, N.Y.; and the proposer. 

STUDENT HONOR ROLL 


The Editor will be very happy to make special mention of classes, clubs, or 
individual students who offer solutions to problems submitted in this department. 
Teachers are urged to report to the Editor such solutions. 

Editor’s Note: For a time each student contributor will receive a copy of the 
magazine in which his name appears. 


The Student Honor Roll for this issue appears below. 
2581, 2582, 2586. Nathaniel Queen, Brooklyn, N.Y. 
2582. William Giddings, Geneva, N. Y. 
2582. Harry W. Ogden, Trumansburg, N. Y. 
2582. Stephan G. Kuyamjian, Bronx, N. Y. 
2582, 2586. Hillel Cohen, Ramaz High School, New York, N. Y. 
2582. Thomas T. Beardshall, Pittsburgh, Pa. 
2586. Jack Gougoutus, Mansfield, Ohio. 

PROBLEMS FOR SOLUTION 
Epitor’s Note: The Problems for Solution this month are the problems 


which appeared in the 1956 and 1957 issues of ScHoot SclENCE AND MATHE- 
MATICS and which, to date, are still unsolved. 


2513. (March 1956) Proposed by Joseph Kennedy, Madison, Wis. 
What groups are isomorphic to the Klein Four Group? 


2424. (May 1956) Proposed by Joseph Kennedy, Madison, Wis. 


It is observed that the totals which may be made by three dice may be made 
in the following number of ways: 
No. of Ways 1 3 6 10 15 21 28 36 36 28 21 15 10 6 


These numbers occur in the diagonal of the Pascal Triangle beginning at 
one end of the third row. 


It is further observed that the diagonal beginning at the end of the nth row 
seems to give the number for n dice. Why does this happen? 


2546. (December 1956) Proposed by Howard D. Grossman, New York, N. Y. 


Prove (a) the sum of the areas of any three faces of a tetrahedron is greater 
than the area of the fourth face; (b) the plane area bounded by a broken line 
(or curve) in a plane is the smallest area bounded by that curve. 


15 
1 
13 3 1 
etc. 
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2547. (December 1956) Proposed by Julius Sumner Miller, El Camino, Calif. 

A mass m suspended from a fixed point by a string of length r hangs vertically. 
The mass is given an impulsive blow and is thus projected horizontally with a 
velocity v. Find where the string becomes slack. 


2553. (January 1957) Proposed by Vincent C. Harris, San Diego, Calif. 


Given a and B functions of x. 


(1) lim (a—8) =0 


(2) lim — 1 


za B 
Which of the above statements give more information, if either? 
2583. (June 1957) Proposed by Helen S. Clark, San Diego, Calif. 
Find the equation of the line joining the circumcenter and the incenter of a 
triangle. 


BOOKS AND TEACHING AIDS RECEIVED 


THE WONDERWORLD OF SCIENCE, REVISED Book ONE, by Warren Knox, 
Morris Meister, George Stone and Doris Noble. Cloth. 116 pages. 15X21 cm. 
1957. Charles Scribner’s Sons, 597 Fifth Ave., New York 17, N. Y. Price $2.00. 


THE WONDERWORLD OF SCIENCE, REVISED Book Two, by Warren Knox, Morris 
Meister, George Stone, and Doris Noble. Cloth. 151 pages. 1521 cm. 1957. 
Charles Scribner’s Sons, 597 5th Avenue, New York 17, N. Y. Price $2.24. 


THE WONDERWORLD OF SCIENCE, REVISED Book THREE, by Warren Knox, 
Morris Meister, George Stone and Doris Noble. Cloth. 180 pages. 15X21 cm. 
1957. Charles Scribner’s Sons, 597 5th Avenue, New York 17, N. Y. Price 


THE WONDERWORLD OF SCIENCE, REVISED Book Four, by Warren Knox, 
Morris Meister, George Stone, and Dorothy Wheatley. Cloth. 219 pages. 
1521 cm. 1957. Charles Scribner’s Sons, 597 5th Avenue, New York 17, N. Y. 
Price. $2.44. 

THE WONDERWORLD OF SCIENCE, REVISED Book Five, by Warren Knox, 
Morris Meister, George Stone, and Dorothy Wheatley. Cioth. 245 pages. 15X21 
cm. 1957. Charles Scribner’s Sons, 597 5th Avenue, New York 17, N. Y. Price. 
$2.56. 


THE WONDERWORLD OF SCIENCE, REVISED Book Six, by Warren Knox, 
Morris Meister, George Stone, and Dorothy Wheatley. Cloth. 279 pages. 15X21 
cm. 1957. Charles Scribner’s Sons, 597 5th Avenue, New York 17, N. Y. Price 
$2.60. 


Tuts Way TO THE Stars, by John M. Schealer. Cloth. 181 pages. 15 20. 
5 cm. 1957. E. P. Dutton and Co., 300 4th Avenue, New York 10, N. Y. Price 
$2.95. 

THINKING ABOUT Gop’s WoRLD, by Mother Mary Thomas and Sister M. 
Felicitas. Cloth. 384 pages. 1522 cm. 1957. Mentzer, Bush and Co., 330 E. 
Cermak Rd., Chicago 16, Ill. Price $1.98. 

KNOWING Gop’s WorRLD, by Mother Mary Thomas and Sister M. Columba. 
Cloth. 384 pages. 15X22 cm. 1957. Mentzer, Bush and Co., 330 E. Cermak Rd. 
Chicago 16, Ill. Price $1.98. 


$2.32 
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A Basic LABORATORY CourRSE IN COLLEGE CHEMISTRY, 2nd Edition, by J. F. 
Hazel, Professor of Chemistry, University of Pennsylvania. Paper. Pages viii+233. 
21.528 cm. John Wiley and Sons, Inc., 440 4th Avenue, New York 16, N. Y. 
Price $3.95. 


STRENGTHENING SCIENCE EDUCATION FOR YOUTH AND INbustTRY, Proceedings 
of the Seventh Thomas Alva Edison Foundation Institute, November 19-20, 1956. 
Paper. Pages ix+162. 1957. New York University Press, Washington Square, 
New York 3, N. Y. Price $5.00. 


Histotocy, by H. G. Q. Rowett, Lecturer in Zoology at Plymouth Technical 
College, Paper. vi+47. 18X25 cm. 1957. Rinehart and Co., Inc., 232 Madison 
Ave., New York 16, N. Y. Price $.95. 


Tue Porato-Root EELworMm, Modern Science Memoir No. 37, by Geoffrey 
Lapage, M.D., M.Sc., M.A. Paper. 16 pages. 1522.5 cm. 1957. John Murray 
Co., Albemarle Street, London W 1. Price 1s.6d. 


THE Siticones, Modern Science Memoirs No. 36, by Dr. Peter Sykes, M.Sc., 
Ph.D., F.R.L.C., Fellow of Christ’s College and University Lecturer in Chemistry, 
Cambridge University. Paper. 16 pages. 1322.5 cm. 1957. John Murray Co., 
Albemarle Street, London W. 1. Price 1s.6d. 


UNDERSTANDING ARITHMETIC, by Robert L. Swain, Professor of Mathematics, 
State University of New York. Cloth. Pages xxi+264. 15X23 cm. 1957. Rinehart 
and Co., Inc., 232 Madison Ave., New York 16, N. Y. Price $4.75. | 


CITADEL, MARKET AND ALTER, by Spencer Heath. Cloth. Pages xxiv7-259. 
1523 cm. 1957. The Science of Society Foundation, 1502 Montgomery Rd., 
Elkridge 27, Md. Price $6.00. 


Pure Matuematics, by J. K. Backhouse, M.A., and S. P. T. Houldsworth, 
M.A., Assistant Masters at Harrow School. Cloth. Pages xi+472. 1218.5 cm. 
1957. Longmans, Green and Co., Inc., 55 5th Avenue, New York, N. Y. Price 
$2.60. 


THE TEACHING OF Puysics IN TROPICAL SECONDARY SCHOOLS, by H. F. 
Boulind. Cloth. Pages xxii+394. 1421.5 cm. 1957. Oxford University Press, 
114 5th Avenue, New York 11, N. Y. Price $3.40. 


Faps AND FALLACIES IN THE NAME OF SCIENCE, by Martin Gardner. Paper. 
x+363. 13.5X20.5 cm. 1957. Dover Publications, Inc., 920 Broadway, New 
York 10, N. Y. Price $1.50. 


THE PRESIDENT’S REVIEW FROM THE ROCKEFELLER FOUNDATION ANNUAL 
Report, 1956. Paper. Pages viii+85+32 p., ill. 14.522 cm. The Rockefeller 
Foundation, 49 W. 49th Street, New York, N. Y. 


THe New Appirep MatHematics, Epition, by Sidney J. Lasley and 
Myrtle F. Mudd, Northeast Junior High School, Kansas City, Missouri. Cloth. 
457 pages. 15X23 cm. 1957. Prentice-Hall, Inc., Englewood Cliffs, N. J. Price 
$3.48. 


RETENTION IN H1GH SCHOOLS IN LARGE Cities, by David Segel, Specialist for 
Pupil Appraisal, Office of Education; and Oscar J. Schwarm, Director of Guidance 
and Child Accounting, Pittsburgh Public Schools. Paper. Pages vi+29. 15X23 
cm. 1957. U. S. Department of Health, Education, and Welfare. U. S. Govern- 
ment Printing Office, Washington, D. C. Price $.20. 


ENCYCLOPAEDIA BRITTANICA Fitms. Farm Animals (2nd Edition), A 16 mm. 
sound film, 11 minutes; available in color. Indian Family of Long Ago (Buffalo 
Hunters of the Plains), A 16 mm. sound film, 14 minutes; available in color. 
Protozoa (one-celled animals), A 16 mm. sound film, 11 minutes; available in 
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color. Big Animals of Africa, A 16 mm. sound film, 11 minutes; available in 
color. Painting Shadows, A 16 mm. sound film, 11 minutes; available in color. 
Painting with Calligraphy, A 16 mm. sound film, 12 minutes; available in color. 
The Renaissance (Its Beginnings in Italy), A 16 mm. sound film, 25 minutes; 
available in color. Leonardo Da Vinci (Giant of the Renaissance), A 16 mm. 
sound film, 25 minutes; available in color; People of A City, A 16 mm. sound 
film, 18 minutes. Work of the Blood, A 16 mm. sound film, 13 minutes; available 
in color. The Amazon (People and Resources of Northern Brazil), a 16 mm. 
sound: film, 21 minutes; available in color. Indians of Early America, a 16 mm. 
sound film, 22 minutes; available in color. Encyclopaedia Brittanica Films, 
Inc., 1150 Wilmette Avenue, Wilmette, Ill. 


TEACHER’s GUIDE AND ANSWERS FOR THE SCRIBNER ARITHMETIC BooK 7, 
by William A. Gager, Beulah Echols, Carl N. Shuster, Richard Madden and 
Franklin W. Kokomoor. Paper. 174 pages. 2331 cm. 1957. Charles Scribner’s 
Sons, 597 5th Avenue, New York 17, N. Y. Price $2.28. 


EXPLORING EARTH AND SPACE, The Story of the I.G.Y., by Margaret O. 
Hyde. Cloth. 160 pages. 13.520 cm. 1957. Whittlesey House, McGraw-Hill 
Book Co., Inc., 330 W. 42nd Street, New York 36, N. Y. Price $3.00. 


Economic Mopets—An Exposition, by E. F. Beach, Professor of Economics, 
McGill University. Cloth. Pages xi+227. 14.523 cm. 1957. John Wiley and 
Sons, Inc., 440 4th Avenue, New York 16, N. Y. Price $7.50. 


PLANE GEOMETRY, by K. Bassler Keppler, The Masters School, Dobbs Ferry, 
N. Y. Cloth. 359 pages. 20 27 cm. 1957. Frederick Ungar Publishing Co., New 
York, N. Y. 


MICROWAVE MEASUREMENTS, by Edward L. Ginzton, Professor of Applied 
Physics and Electrical Engineering, Director of Microwave Laboratory, W. W. 
Hansen Laboratories of Physics, Stanford University. Cloth. Pages xvii+515. 
1957. McGraw-Hill Book Co., Inc., 330 W. 42nd Street, New York 36, N. Y. 
Price $12.00. 


PREPARATORY MATHEMATICS I—OUTLINES AND EXERCISES, by Joel S. 
Georges, Theodore S. Sunko, Milton D. Eulenberg, and Harold M. Piety, all of 
Wright Junior College. Paper. 208 pages. 21X28 cm. 1957. J. W. Edwards, 
Publisher, Inc., Ann Arbor, Mich. Price $4.00. 


REASON AND CHANCE IN SCIENTIFIC DiscovERY, by R. Taton, Translated by 
A. J. Pomerans. Cloth. 171 pages. 14.523 cm. 1957. Philosophical Library, 
Inc., 15 E. 40th Street, New York 16, N. Y. Price $10.00. 


Wuys OF ELEMENTARY SCIENCE, SET II, StmpLE MacuINEs—Filmstrips. (4) 
Color. Filmstrip House, 347 Madison Avenue, New York 17, N. Y. Price $70.00. 


GUIDANCE WoRKERS CERTIFICATION REQUIREMENTS, by Royce E. Brewster, 
Specialist for Guidance Practices. Bulletin 1957, No. 22. Paper. Pages vi+58. 
14.523 cm. 1957. U. S. Department of Health, Education, and Welfare. U. S. 
Government Printing Office, Washington, D. C. Price $.25. 


SPECIAL EDUCATION PERSONNEL IN STATE DEPARTMENTS OF EDUCATION, by 
Romaine P. Mackie, Chief, Exceptional Children and Youth, Office of Education; 
and Walter E. Snyder, Superintendent of Schools, Salem, Oregon. Bulletin 1956, 
No. 6. Paper. Pages x+49. 15X23 cm. 1956. U. S. Department of Health, 
Education, and Welfare. U. S. Government Printing Office, Washington 25, 
D. C. Price $.30. 


THE HuMAN ORGANISM, by Russell Myles DeCoursey, Ph.D., Professor of 
Zoology, University of Connecticut. Cloth. Pages vii+550. 15.523 cm. 1955. 
McGraw-Hill Book Co., Inc. 330 W. 42nd Street, New York 36, N. Y. 
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PracticaL Astronomy, by W. Schroeder, Member of the British Astronomical 
Association. Cloth. Pages xi+ 206. 16X22 cm. 1957. Philosophical Library, Inc., 
15 E. 40th Street, New York 16, N. Y. Price $6.00. 


Basic Puysics (2 volumes), by Alexander Efron, E.E., Ph.D., Chairman, 
Physics Department, Stuyvesant High School, New York. Cloth. Pages xii+692. 
16X23 cm. 1957. John F. Rider Publisher, Inc., 116 W. 14th Street, New York 
11, N. Y. Price $7.60. ‘ 


PaPER FOLDING FOR THE MATHEMATICS CLAss, by Donovan A. Johnson, 
University of Minnesota High School, Minneapolis, Minnesota. Paper. 32 pages. 
15X23 cm. 1957. National Council of Teachers of Mathematics, 1201 16th 
Street, N.W., Washington 6, D. C. Price $.75. 


BOOK REVIEWS 


PLANE GEOMETRY, by John T. Schacht, Instructor in Mathematics, Bexley High 
School, Bexley, Ohio; Roderick C. McLennan, Head of Mathematics Depart- 
ment, Arlington High School, Arlington Heights, Illinois; and Alice L. Griswold, 
Instructor in Mathematics, Garden City High School, Garden City, N. Y. Cloth. 
Pages xvi+494. 16.5 24.1 cm. 1957. Henry Holt and Co., Inc., 383 Madison 
Avenue, New York 17, N. Y. Price $3.84. 


Plane Geometry is written with the inclusion of some new methods used suc- 
cessfully by the authors, together with the usual methods for attaining the 
traditional objectives desired from a course in plane geometry. 

Basic concepts are emphasized in the first two chapters, followed by an intro- 
duction to deduction with the use of simple syllogisms. Reasoning in non- 
mathematical situations is used to help the student understand basic concepts. 
Formal proofs are presented after the student has had ample opportunity to 
understand the meaning of deduction. Successive steps in geometric proofs are 
indicated by a device, invented by the authors, called “linkage lines” to help 
the student understand the deductive process. 

An attempt is made to present easy concepts and then to proceed to the more 
difficult ones. The process of induction is used throughout the book as a means of 
arriving at conclusions and discovering geometrical relationships. 

In order to allow time to cover some important aspects, such as application, 
logical reasoning, three dimensional geometry, co-ordinate geometry, inequalities 
and trigonometry some of the less important theorems are to be accepted with- 
out formal proof. It is assumed that the student will gain little from repetition 
after he has once mastered the method of proofs. 

A large number of exercises are provided and a test is included at the end of 
each chapter. The difficulty and importance of all exercises is designated by 
color and symbol so that the teacher may make a selection to suit a wide distribu- 
tion of student ability and interest. Many exercises are labeled as optional and 
may be chosen in accord with local and state requirements. 

The use of color makes this an attractive textbook and is used to focus atten- 
tion on important items. Many of the illustrations have been selected to show 
practical applications of geometry. 

This textbook is well organized and well written. The average high-school 
student should experience a minimum of difficulty in understanding the text 
material and will find this book interesting. Adequate material is presented to 
provide the student with a background in general mathematics or prepare him 
for advanced mathematics or engineering courses. Anyone interested in a new 
geometry textbook should certainly examine this book. 

J. Bryce Lockwoop 
Highland Park Junior College 
Highland Park, Michigan 
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PHYSICAL SCIENCE FOR LIBERAL ARTS STUDENTS, by Hugo N. Swenson, Pro- 
fessor of Physics, Queen’s College; and J. Edmund Woods, Professor of Physics, 
Queens College. Cloth. 333 pages. 19.526 cm. 1957. John Wiley and Sons, 
Inc., 440 4th Avenue, New York 16, N. Y. Price $6.50. 


Together with the increasing number of physical science programs, it is to be 
expected that many new textbooks will be forthcoming. Few will disagree that 
there is a need, at this time, for a textbook designed to meet the special require- 
ments of the liberal arts student not interested in majoring in one of the areas 
of physical science. However, there seems to be little agreement in so far as the 
content of a textbook of this kind is concerned. 

Physical Science for Liberal Arts Students, judging by its length, appears to 
be designed for use in a one semester course in physical science. According to the 
authors there is an attempt to present experimental and logical methods that 
have been useful in the development of natural science. Important scientific 
principles are presented without an attempt to survey the entire field or to 
place emphasis on practical achievements. Throughout the book theories and 
principles are presented as they occur historically. 

The textbook is organized in three parts, the first of which is a brief intro- 
duction to the scientific method together with a short historical survey of the 
most outstanding contributions from the time of the Babylonians to Newton. 

Part two is a treatment of astronomy beginning with the use of geometry as a 
tool of measurement, followed by a description of theories concerning the solar 
system, earth movements, the universe and measurement of time. This is con- 
cluded with a classical treatment of mechanics, universal gravitation, energy 
and work. 

Part three deals with heat and the kinetic theory, chemistry, magnetism, 
electricity, light, the quantum theory, atomic structure, and nuclear physics. 
All these topics are covered adequately for a textbook of this kind with the 
exception of chemistry. Possibly the authors believe that few important con- 
tributions to physical science have been made by the field of chemistry. Both 
organic and inorganic chemistry are surveyed in a comparatively few pages. 
Consequently, the student completing a course in which this textbook is used 
may believe that he has taken a physics course with a little chemistry thrown 
in. However, it could be argued that this criticism is not completely justified 
since many of the topics common to both physics and chemistry are covered in 
appropriate chapters. 

The end-of-chapter problems are well chosen and references to further readings 
are presented at the end of each chapter. 

It is the opinion of this reviewer that, with the exception of the criticism 
mentioned above, this textbook is well organized and contains most of the 
material essential in a course of the type for which this book is intended. The 
method of presentation is interesting, the illustrations are well chosen and the 
drawings are well done. 

The average liberal-arts student with a good background in elementary 
algebra and plane geometry should find this book interesting and easy to read. 
However, a student with inadequate preparation in these mathematics courses 
may experience some difficulty in following the derivation of some basic equa- 
tions. Anyone interested in a physical science textbook would do well to examine 
this book carefully. 


J. Bryce Lockwoop 


THE Book oF PopuULAR ScIENCE. Cloth. 10 volumes, Vol. 1, 1-420 pp.; 2, 
421-848 pp.; 3, 849-1272 pp.; 4, 1273-1694 pp.; 5, 1695-2120 pp.; 6, 2121- 
2538 pp.; 7, 2539-2966 pp.; 8, 2967-3386 pp.; 9, 3387-3838 pp.; 10, 3819- 
4294 pp. (index vol.). 16X24 cm. 1957. The Grolier Society, 2 West 45th 
Street, New York, N. Y. 

When a reviewer has the task of evaluating and criticizing an encyclopaedic 
type of publication, his task differs greatly from that of reviewing a book. Two 
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of the major factors considered with a book are its organization and continuity. 
These factors are, however, subordinated in the review of an encyclopaedic 
publication to the factors of extensiveness of coverage and ease of use. These 
characteristics can be evaluated carefully only if the publication is used for 
a reasonable period of time. The reviewer therefore put The Book of Popular 
Science into use for more than two months. It was eminently clear that the 
publication was excellent. 

The publication consists of ten volumes, each containing discussions of ten 
or more of fifteen fields or “groups” of science. These discussions are organized 
more or less on a chapter basis. The groups include: The Universe, The Earth, 
Life, Plant Life, Animal Life, Man, Health, Matter and Energy, Industry, 
Transportation, Communication, Science Through the Ages, Society, Household 
Science, and Projects and Experiments. The contributors who supplied the ma- 
terial for these areas read like a “‘Who’s Who of the Scientific World.” Hence, 
the accuracy of the material seems assured. 

The reviewer, in using the volumes, deliberately sought on several occasions 
to locate the more exotic topics of science. Not once did he fail to find them 
discussed. Further, he always found adequate coverage of the ‘‘standard”’ science 
topics. In addition, the material is without question up-to-date with adequate 
coverage of the newest scientific innovations. 

The last volume contains, in addition to discursive material, an alphabetic 
index to the entire publication, lists of selected readings, and numerous tables. 

The reviewer believes that The Book of Popular Science is an indispensable 
item for every school. Without doubt a number of copies could be used to good 
advantage. 


G.G.M. 


THe PrincrpLes oF Herepity, Fifth Edition, by Laurence H. Snyder, Sc.D., 
Dean of the Graduate College, The University of Oklahoma; and Paul R. David, 
Ph.D., Professor of Zoology, The University of Oklahoma. Cloth. Pages xi+507. 
1724 cm. 1957. D. C. Heath and Co., 285 Columbus Ave., Boston 16, Mass. 
Price $6.25. 

The fields of heredity and genetics are ones in which great progress has been 
made during the past few years. Further, nearly every college and university 
offers at least one, and often several, courses in these fields for undergraduate 
students. Yet it is surprising to note how few good books are available. The 
Principles of Heredity: Fifth Edition happens to be the most recent edition of a 
good publication that has enjoyed great success and popularity. 

According to the authors, the “‘book has been designed to acquaint the be- 
ginning student with the facts and principles of inheritance.”’ Such a task is not 
an easy one in a book that is not particularly long. Obviously, it was necessary 
for the authors to “pick and choose” from the wealth of material that was 
available, those areas that seem to be most important. The senior author, who 
is President of the American Association for the Advancement of Science in 
1958, and is an authority on inheritance is certainly competent to make the 
selection. The junior author is also a most adequate colleague. 

The areas covered are the traditional ones taught in an introductory college 
course in heredity, genetics, and/or inheritance. 

Such topics include: simple Mendelian inheritance, crosses involving two pair 
of genes, sex-linked genes, chromosomal aberrations, genes and mutations, and 
linkages. In general, the presentation is straightforward and simple. Further, 
it is written in an interesting style, utilizing anecdotes and questions from time 
to time throughout the book for the purpose of motivating the student. 

The reviewer is most impressed with the functional quality of the illustrations. 
Further, one finds that every effort has been made to keep the book “as up-to- 
date as tomorrow.” Among such innovations are discussions of the structure of 
desoxyribose nucleic acid and the genetic importance of this substance, cyto- 
plasmic inheritance, and pseudo allelism. Another feature is the excellent selec- 
tion of problems at the ends of the chapters. 
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The reviewer has several minor reservations. Chapter Fifteen entitled ‘‘Quan- 
titative Inheritance II. Statistical Considerations” covers in 10 pages the 
statistical concepts that occupy as much as half of a text for introductory sta- 
tistics. It is doubtful whether any student without a previous grounding in 
statistics could follow the material. Further, the concept of heterosis on which 
the great hybrid industry is based is dispensed with in a few pages. The last 
chapter on Eugenics is excellent but a rather brief coverage of a field so closely 
allied to the experiences of the student. 

Yet, the reviewer wants to emphasize that these points are not to be considered 
as criticisms. Some areas had to be treated lightly and he points out where the 
choice apparently was made. 

In general, the reviewer cannot recall where he has seen a textbook that seems 
to be so suitable for its intended field. It should prove to be more than satis- 
factory in the classes in which it is used. Hence, he gives it an extremely high 
rating. 

G.G.M. 


UNESCO Source Book for Science Teaching. Cloth (or paper.) 22 pages. 15.0 
X 23.5 cm. 1956. Unesco Publications Center, 152 West 42nd Street, New York 
36, New York. Price: Paper edition, $2.50; cloth, $3.00. 


This is the successor to another publication, ‘‘Suggestions for science teachers 
in devastated countries” prepared at the close of the second world war. That 
first issue proved very useful, not only for “devastated areas,” but in countries 
where science teachers were beginning, more and more, to gear their instruction 
to simple experiments. Discovery of deficiencies in that first issue plus a growing 
demand for its help in tropical countries, which the authors of the first book had 
not anticipated, prompted the preparation of the book under review. 

After an introduction and a sort of preface headed, “‘The purpose of this book” 
there follows “Suggested uses” and “Tools needed for making simple equip- 
ment.’’ Chapter one on “Suggestions about teaching science’ considers: the 
course; the teacher; resources and facilities. Chapter two tells of general pieces 
of equipment such as weighing devices, sources of heat etc. Beginning with 
chapter three and thereafter the listings are under different science subjects such 
as: plant studies, animal studies, rock and soil studies etc. The spread is quite 
inclusive though chemistry as such is not there. In terms of space used, topics in 
physics have more that half of the book’s pages. A final chapter on “Notes for 
the teacher,”’ as in the first chapter, reminds the reader that the book’s service 
is in what it can do to induce the teacher to make his science teaching more than 
verbal-communication. 

In chapters, three to seventeen inclusive, where experiments for demonstration 
are proposed, the pattern follows: a numbered title; followed by a concise para- 
graph stating purpose and procedure and ending with a sentence, or more of 
similar useful out-of-school implications of the experiment. Invariably these 
verbal directions are particularized by a line-drawn diagram, sometimes more 
than one. There are some 300 of these helps in these fifteen chapters. 

Nine appendices, including a generous bibliography, offer help to the ambitious 
teacher who doesn’t find all his needs within this book’s covers. While the first 
and closing chapters focus on the teacher of general science a brief scanning 
soon convinces that here are many stimuli for high school (and maybe college) 
teachers of the special sciences. Unfortunately there is no index. And for the 
chemistry teacher even the table of contents offers no help. However the book’s 
modest price, in the present era book-price-inflation, warrants it addition to 
the science teacher’s lecture or demonstration book shelf. 

B. CLiFFoRD HENDRICKS, 

Department of Chemistry, 

William Woods College, 
Fulton, Missouri 
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